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PEEFACE 


J N the Preface to Volume III I expressed my thanks for help 
given to me by many friends in the course of the preparation 
of the subject-matter of Volumes III and IV, but Dr Scott lias 
again earned my gratitude by very willingly and to very good 
purpose continuing the tedious task of reading the proofs. It is 
also a pleasure to acknowledge the help received from the Staff 
of the Uni’versity Press. 

Since the publication of Volume III Palaeobotany has been 
deprived of the services of three senior investigators,. Professor 
C. E, Bertrand of Lille, Monsieur Grand’Eury, and Mr Clement 
Reid, men whose researches along different lines of inquiry have 
played a prominent part in the progress of the science during 
the last few decades. By the death of Miss Ruth Holden, a 
graduate of Harvard University and a Fellow of Newnham 
College, Cambridge, Palaeobotany has lost an unusually gifted 
and promising worker : though a citizen of a country which was 
then neutral her strong sense of duty led her to lay aside, 
temporarily as we hoped, botanical research for work with a 
British Medical Unit in Russia where she died in April of last 
year. Miss Holden’s last contribution to Palaeobotany {'On the 
Anatomy of two Palaeozoic stems from India Annals of Botany, 
voL XXXI. p. 315, 1917) was published too late to be considered 
in Volume HI. 

If it is possible to carry out my intention of supplementing 
the descriptive treatment of plants, which forms the basis of 
Volumes HV, by a general review of the Floras of the Past the 
results ■will be published as an independent work more intelligible, 
I hope, to the general reader than the text-book which, with a 
certain sense of relief, is now brought to a conclusion. 

A.: a, SEWARD. 

Botanw ScFfoou, Gambridge, 

Ma^, 1918 . . 


POSTSCRIPT 


Ihrotjgh the death ot Dr Newell Arlx'i' in dniieuf i;ist: ■•u, 

the coinpaiatively early age of foi‘ty-8(ivcn ihflanv and fleolngr 
have lost an able and indefetigable investigat.n'. Since liUli", 
the date of publication of his first paper, he laboured incessantlv 
and with success to advance palaeobofanical M'ience. Tu his 
activity the Sedgwick Museum of (leology ai (dambridge is 
deeply indebted, and through his personal iiifluenci' several 
younger men accpiired something of their teacher’s enthusiasm. 

The proofs of this V olume were passed for ju'ess in June. 
1918, but owing to the exigencies of war coiulition.s pnblicarion 
has been unexpectedly and inevitably delayed. 

A. C. S. 


June 18, 1919. 
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CHAPTER XL. 


GINKGO ALES. 

A. Recent. 

In the account of the Coniferae contributed to Die 'Natilr- 
lidken the genus Ginkgo, in accordance with the 

prevailing custoin , was includ-ed in the Taxeae with Taxus, Cephalo- 
tax'us, arid Torreya. Eichler had previously referred Ginhgo, or 
Sal/isbiifia, to a separate family, the Salisbuiyeae^. Hirase’s 
discovery of motile antherozoids in the pollen-tube of Ginhgo 
hiloba in 1896, "^tlie most remarkable event in plant morphology 
during the last decade of the 19th century,’ confirmed the sus- 
picion that the association of this 'unicum de la creation actuelle’ 
with Taxus and other Conifers was inconsistent with a natural 
scheme of classification. At a later date Engler adopted the 
family-name Ginkgoaceae, and in his survey of the Brnbryophyta 
Siplionogama the isolation of Ginhgo is emphasised by the refer- 
ence of the Ginkgoaceae to a special class, the Ginkgoales^. 

Ginhgo hiloba L. {Salisburia adiantifolia Smith) has a preeminent 
claim to be described in Darmn’s words as a Giving fossil.’ It is 
sometimes said to occur in China as a wdld plant, but there appears 
to be no sufficient reason to believe that it would have escaped 
extinction had it not been carefully tended as a sacred tree in 
the gardeus of temples h Since its introduction into Europe in 
1730, Ginhgo has become familiar in cultivation in the northern 
hemisphere and thus through man’s agency this inoiiotypic genus 
has been restored to regions where it survived as late as the 
Tertiar}' epoch. In habit Ginhgo^ resembles many Conifers and 
its long and short shoots recall those of Cedrus and Larix : the 
short shoots may also be compared with the main trunk of a 

* Eiehicr (89) j). 108. ''^ Seward and Gowan (00) B. p. 113. 

Engler (97) pp. 10, 341. VElwes and Heiirjc(06) Vol i. p. 58. 

For a fnii account of the genus, .see Spreoher (07). 
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Cycad. The large thin leaves with long and slender petioles are 
scattered on long shoots or crowded on slow-growing branches 
covered with leaf-scars. These short shoots are occasionally 
branched^ and, as Tupper^ states, they may branch within the 
wood of the axis out of which they grow, a feature exhibited by 
the Triassic Conifer Woodworthia, The deciduous leaves are 
usually more or less deeply bilobed (fig. 630, A, D, ¥) but those on 
short shoots are often smaller, and the margin may be entire or 
uneven (fig. 630, C). On young and vigorous shoots or on seed- 
lings the lamina is often deeply divided into several cuneate 
segments (fig. 630, E). In exceptional cases the lamina may 
reach a breadth of 20 cm. (fig. 630, A) though as a rule it seldom 
exceeds half that size. The leaf -scars show two small cicatrices. 
The considerable range in size and form of the foliage-leaves is 
an important consideration in connexion with the determination 
of fossil specimens. Two vascular bundles pass up the petiole: 
at the summit each divides and the two outer branches follow 
the outer edge of the lamina, giving off a succession of forked 
veins. Objection is taken by Prof. Johnson® to the statement that 
there are two marginal veins on the lower edge of the lamina ; 
he regards the 'marginar vein as the product of the successive 
fusions of the forked veins of the lamina as they pass towards the 
leaf-base. Whatever interpretation is adopted, the presence of 
two broadly diverging marginal veins is a noteworthy feature, 
and the correct explanation is probably that each is derived from 
one of the two strands in the petiole and gives off a succession of 
dichotomously branched veins as it passes along the margin of 
the leaf-blade. The presence of short secretory tracts at intervals 
between the veins is a characteristic feature sometimes recognis- 
able in fossil examples. Throughout the greater part of their 
course in the lamina the veins are accompanied by a small number 
of reticulate transfusion-tracheids (fig. 631, 6, t): these increase 
in amount near the distal end of each vein and the water-coii- 
diicting elements may be eventually replaced by a group of short, 
pitted, tracheids^. A group of large cells with brown contents 
occurs above and below each collateral endarch bundle. The 

^ fSeward and Gowan (00) B. PL ix. fig. 42. ^ (J-l) P- ‘^76. 

- JoliiLsoa (U) p, 171. 1 Sprecher (07) pp, 68— 71; Bertrand, C. E. (74). 

■ ''I' ■■■■■■■' 
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stomata, irregularly scattered over the lower epidermis, consist, 
of two guard-cells surrounded by 4 — 6 accessory cells w'hich pr?)- 
ject towards the centre of the stoma as blunt cuticiilarised pa pillar*^ 
(fig. 636, C). The epidermal cell-walls are sliglitly undulate-. 
The distinctive form of Ginhgo leaves renders ahnosi; negligible 
the danger of confusion with those of other Gymnosperins : but 
impressions of certain Fern fronds, e.g. Lindsay a re^ujoraus Dry,, 
Pterozonium {Gymnogramme) feniforme WMi., T radio f rues 
forme Forst., emdi Scolojpendrium nigri2)es Hook, might be mistaken 
for imperfectly preserved specimens of Ginkgo, 

Ginhgo is dioecious. The male flowers occur in loose catkins 
(fig. 631, B) borne on short shoots in the axil of a scale-leaf; each 
microsporophyll consists of a short, slender, filament with a. sinali 
terminal scale or knob bearing as a rule 2 but not infreipieiitly 
3 or 4 elliptical microsporangia (fig. 631, A, A'). Th<‘ micrcjspores 
recall those of Cycads. Jeffrey^ has recently called atttmtion to 
the occurrence of 'wings’ on the miciuspores of Ginhgo: tlie^c are 
very slightly developed and hardly warrant the use of the term 
wing; they present the appearance of very small shoulders giving 
the spores a form similar to that of a brachiopod shell. The same 
author expresses the view that’(?mfe/o presents striking resem- 
blances to the Abietineae. It tas recently been pointed out that 
the microsporangia have a hypodermal layer of cells with thick- 
ening bands comparable with the fibrous layer in the anthers of 
Angiosperms^, Jeffrey and Torrey^ claim that certain auatoniical 
features in the microsporangia of Ginhgo indicate a closer afliuity 
to the Abietineae than to any other section of the Gymno.s].>erins. 
The vascular bundles of the microsporophylls end in transfusiem- 
tissue which passes almost imperceptibly into the meehanical 
elements of the sporangial wall : a similar distribution of meehatilca 1 

I tissue occurs in Abietineous microsporangia and there is th<‘ same 

intimate relationship as in Ginkgo between the trachea ry and 
mechanical tissues. The female flower consists of a (;omfKiru- 
tively long peduncle borne in the axil of a foliage-leaf, with twn 

^ Strasburger (66) %s. 139--142; Spreelier (07) figs, 79'"~8:L 
y Bertrand, C. E. (74) PL IV. figs. 9, 10. 

■ ' yjeffrey'(14).Pl. xxm. figs. 7, 8. , ... f Starr ( 10). 

^ Jeffrey and Torrey (16). 
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ovules at the summit, one on each side of the actual apex. Fre- 
quently one of these is larger than the other. The occasional 
occurrence of abnormal female flowers is interesting from the 
point of view of palaeobotanical comparison. In extreme cases 



Fig. r):n. fynajko hUobn. A, A^, B. Microsporophyils and sporangia. C. Seed 
wiili tiif* <.>uter removed showing an exceptional, tricarinate (radiospermio), 

form. 1), Ahnonnal megasporophyil ; a, vegetative bud; c, collar. E, F. 
I’l-acheids fumi a stem. G. Transverse section of a leaf -vein; px, proto- 
Kvicin. t, ti-an^i'usiondraebeids. (A, B, alter Scnvard and Gowan; 1), after 
Fujii.) 

the fiartially modified lamina of a foliage-leaf may bear marginal 
ovules, the hiniina being continuous mth the collar (fig. 631, 1), c) 
at tlie base of the ovule. In other cases the peduncle may give 
ofi se\’eral stalked ovules, as in the specimen described by Fiijii^ 
^ lOijii (hf}) ; Seward and Gowan (00) B. Pi ix. figs, i— 5; Sprerdier (07) p. 138. 
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and reproduced in fig. 631, D: the apex of the shoot is seen at 
Fertilisation is said to occur after the fall of the ovule, i)ut llii'ase, 
states that some seeds contain an embryo while still atta(‘]ie(l to 
the tree. The seeds are comparable in size with large clonTies; 
the broad integument consists externally of a thick sai'cotessta 
rich in secretory tissue but without a vascular supply, and aji 
inner sclerotesta w^hich is usually two-angled (platysperrnie) but 
occasionally three-angled and radiospermic (fig. 631, C). An 
account has recently been published^ of some remarkable examples 
of Ginhgo seeds gathered from one tree: the stony coat showed 2, 
3 and 4 ribs and many transitional forms. The sclerotesta is liiuMl 
by a few layers of loose cells which form a papery membrane in 
ripe seeds. The absence of vascular tissue in the sarcotesta is a 
character in which the seeds differ from those of Cy cauls and 
Taxads. At the base of the ovule is a single concentric strand 
which splits into two branches and these pass through the shell 
and divide into several bundles on the inner face of the integument 
forming a continuous mantle^ of short reticulate traeheids as in 
the Palaeozoic seed Stephanospennmn^. The base of the ovule 
is enclosed in a shallow cup or collar, a structure that is probably 
homologous with the lamina of a foliage-leaf but which has re- 
ceived various interpretations. A suggestion has been made that 
the collar may be homologous with the cupule of Lagenostoma^. 
The nucellus is joined to the integument except at the apc^x u'here 
it forms a prominent cone in which a pollen-chamber is developed ; 
this chamber becomes roofed over by micellar tissue and at a 
later stage a blunt outgrowth is produced from tbe summit ffi‘ the 
prothallus, serving as a 'tent-pole' to support the roof of the 
pollen-chamber. There are two or more arehegoiiia at the apex 
of the prothallus differing from those of Conifers and Cvcads in 
the shorter and more spherical form of the egg-eell and similar t«j 
those in some Palaeozoic seeds. Fujii^ diriws attention to tlio 
remarkable capacity for pollination exhibited by Ginkgo ami 
speaks of the conveyance of microspores over a distance ul bun 
to 1000 metres. Another fact worthy of renuirk in view of the 
wide distribution of the Ginkgoales in the Mesozoic om i« the 

^ Affourtit and La Rmk’e (15). Sprecher (07) lio, M7, Ms. 

^ See VoL ni. p. 326. ^ Shaw, P. J. F. (08). Fujii'lim p. cm. 
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germination of Ginkgo seeds after 45 days’ immersion in sea- 
water^. The embryo has normally two hypogean cotyledons 
though three are not uncommon . Velenovsky'*^ mentions a pecu- 
liarity^ another indication of the isolated position of the genus, 
in which seedlings of Ginkgo differ from those of other Phanero- 
gams ; the cotyledons are succeeded by twm elongated scales with 
a forked apex ; the next higher leaves, in which a small bilobed 
lamina is a characteristic feature, show at the base two divergent 
prongs representing the fork of the lower scales. The lamina of 
the foliage-leaf thus arises in the angle of the V-shaped distal 
end of the earlier scale-leaf. 

A microspore on germination developes 2—3 prothallus- cells 
and the generative cell forms two large (llOp, x 80 /x) spirally 
ciliated antherozoids. After fertilisation the egg-nucleus divides, 
as in some Cycads, until 256 free nuclei are formed^, but in Ginkgo 
the subsequent production of walls results in a tissue, called by 
Lyon^ the protocorm, 'which completely fills the egg; whereas in 
Cycas this tissue is massed at the base and in Zamia wall-formation 
is also restricted. In Conifers the number of nuclei is much less 
and the proembryo still further reduced. It is probably legiti- 
mate to deduce from these facts that Ginkgo is in respect of its 
embryogeny the most primitive of the Gymnosperms: in this and 
other characters it is allied more closely to the Cycads than to 
the Conifers. Saxton^ who has described the later stages in the 
embryogeny of Emeplialartos draws attention to certain features 
shared by that genus and Ginkge. 

The leaf-traces arise from the stele as a pair of collateral bundles, 
as in the Palaeozoic genus Mesoxylon, which pass up the petiole. 
Annual rings are fairly distinct though, as Nicol® recognised, less 
obvious than in Conifers. The walls of the late-summer tracheids 
are hardly thicker than those of the spring-elements and the diffe- 
rence between the early and late wood is often slight^. Circular 
bordered pits occur either in a single or double row^ on the radial 
walls of the tracheids and' are fairly common on the tangential 
wails. The pits may be separate or in contact, ' occasionally 

^ (OS) p. 78. ^ Velenovsky (07) p. 457, fig. 291a. 

(.'(Hilter and ChanilxTlfiin (03). Lyon (04), Saxton (10^). 

'' Xicol (34) A, ]). 147. " Nakamura (83) p. 25; Fiijioka (13) PI. xvin. 
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slightly flattened and alternate, but usually opposite (fig. flbl. 
E, F). The pores of the pits are often crossed. Rims of Banio 
form a well-marked feature on the tracheal walls, and JelTiap'^ 
points out that they are clearly shown in the mature wood bur 
not in close proximity to the primary xylem or in the w(jod of tho 
reproductive shoots and leaves. True bars of Banio frequenti}' 
occur on the tracheids^. The secondary phloem consists of dis- 
continuous rows of fibres in addition to sieve-tubes and parenchyma . 
Characteristic features are presented by the uniseriate medullary 
rays: these are often 1 — 2 or 1—5 cells deep and do not appcjir 
to exceed 11 cells in depth; they are comparatively large and in 
tangential sections of the wood present an ijiflated a])pearan(‘4n 
There are 2 — 7 elliptical pits in the field of the ray-cells. Xylem- 
parenchyma though not abundant occurs here and there anumg 
the tracheids; the cells have thin walls and are larger tlian the 
medullary-ray cells and characterised by the occurrence of stellate 
calcium oxalate crystals^. 


B. Fossil. 

i. Petkipied Wood beperbed to the Ginkgoaues. 

The characters of the wood of Ginhgo hlloha summarised 
above are in general agreement with those of many Cmiifeis, 
and such anatomical features as have been described by autlio!> 
as more or less distinctive of the genus do not afford very tnisr- 
worthy guides to the identification of fossil wood. The compare 
tively large size and rounded contour of tlie medulla ry~ra\“ (a>!h, 
as seen in tangential section, though worthy of note as chamcter-- 
istic features, are hardly satisfactory criteria when ap|.)lied to wund 
that may have" undergone partial decay and beiui exfMKcd tu 
influences affecting the original form of the more <!t*!icate 
before petrification. The untrustworthy evidence' aJTorded ]iv tie 
size of the medullary rays has been enqfiiasised by Essnc!-^ whn 
states that the ray-cells of Ginkgo larger thiui those in un's 
genus of Conifers. It has been claimed by Felix"' that (fudogt i- 
^ Jeffrey (12) p. 548. - Muller (90) PI. xfv. 

^ For anatomical details, see also Kleeberg (85) ; Essner (Sf) i : St ji-r 1 9 P ; 
Seward and Gowan (00) B.; Penhallow (07); Spreclier ((H’; Bur^wsU'in tov * 
Tapper (11), ' ■ t' Essner (86). , '< Felix'p.H). 
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an exception to the general truth of Essner’s conclusions and that 
the large dimensions and rounded form of the raj-cells are features 
of diagnostic value, though in the Tertiary specimens compared 
by him with the wood of Ginkgo the ray-cells do not appear to 
differ appreciably in size or form from those of true Conifers. 
Given well-preserved materia^ it is not improbable that in favour- 
able cases the characters of fossil wood might furnish adequate 
grounds for referring it to Ginkgo : the numerous obliquely ellip- 
tical pits in each ^ field/ the swollen medullary-ray cells, and the 
frequent crossing of the pores of the tracheal pits are the features 
mentioned by Gothan^ who considers that the wood of Ginkgo — 
though difficult to define precisely in an analytical key — may be 
distinguished from that of Conifers. 

Among the specimens of wood assigned to Ginkgo there are 
110116 , so far as I am aware, that can safely be accepted as entirely 
above suspicion. In 1850 Goeppert^ proposed the generic name 
Pliysemato 2 ntys^ for some Tertiary wood that he believed to possess 
the anatomical characters of Ginkgo hiloba. Kraus ^ subsequently 
recognised resin-cells in the wood of Goeppert’s type-species, 
Physematojyitys salisbiirioides, and identified the specimens as the 
root- wood of a Cupressinoxylon: he did not, therefore, include 
Pkysematopitys in the list of woods contributed by him to 
Schimper’s Trail e de PaUontologie, but mentioned it as a synonym 
of Cirpressinoxylori, Beust^ and Barber^ among other authors 
adopt the same course. It has more recently been stated by 
KrauseP that Goeppert’s genus Physenialojyilys has the characters 
of Protopumxylon, Goeppert^ afterwards described a second 
species, PhyseoiatopUys siiccinm^ founded on a tangential section 
of a piece of Oiigocene wood from the Baltic amber, but the 
data are clearly insufficient to justify its identification as Ginkgo : 
Coiiv'ejitz** includes the specimen in Pimis siiecimferci, 

Schroeter^** described some wood from beds on the Mackenzie 
,ri v(‘r in Xorth Gaiiuda, referred to the Miocene period, as Ginkgo sp. 

’ (nr>) p, ma. 2 Ooeppert (50) p. 242, PI. xlix. figs. 1 — 5. 

O'Vojfta, ihrit wbieli is lilown out. 

^ Kratjs in Si'hinifjnr (72) A. p. 370; Kraus (83)r Schenk in Zittel (90) A. p. 871. 

■’ Pcust (85). Ikirhcr (98). " Ivrausel (13). 

* LoapptTt and Mcngr (83) A. p, 32, PI. X. fig. 74. 

'• l‘onwi‘ntz (90) A. p’ 20. ^ Schroeter (80) p. 32, PL rii. fig. 27—29. 


10 


GINKGOALES 


[cm 


on the ground of the large size of the medullary cells: no |)its 
are described either on the tracheids or on the medullary-ray cells 
and the unusual size of the ray-cells may well be a patliologicjil 
or post-mortem phenomenon. The swedes Physenui fo pi I c,/:~ 
cellens described by Felix^ from beds, probably Eocene in age, in 
the Caucasus agrees with Cupressinoxylon in the presence of rows 
of resin-parenchyma in the wood, and the depth of the rays greatly 
exceeds that in Ginkgo biloba. Penhallow^ described some ca lei fled 
wood from Upper Cretaceous beds in the Queen Charlotte Islands 
as Ginkgo pusilla, but the reasons for assigning it to that genus are 
not convincing. A fuller description of another specimen regarded 
as the wood of a Ginkgo has been published by Dr Piateir* under 
the name Physematopitys Goepiierti from material collected in 
Miocene beds in Milam County, Texas. The relatively large size 
of the medullary-ray cells is mentioned as the chief character on 
which the determination was based. 

It may be said that such fossil specimens as have been referred 
to Physematopitys or Ginkgo have very little value as records of 
the occurrence of the genus Ginkgo: in view of the abundance of 
leaves in, Mesozoic and Tertiary strata that are hardly distinguish- 
able from those of the surviving type it is remarkable if the 

anatomical characters . of the genus afford in themselves a trust- 
worthy basis of identity- -that more satisfactory specimens liave 
not been found. 

ii. Leaves. 

GINKGOITES. Gen. no v. 

It has been customary to use the generic name Ginkgo lK)th 
for the recent species and for fossil leaves from -Mesozoic an,d 
Tertiary strata, and in a few cases for Palaeozoic leaves. Li 
certain instances, for example such leaves as thos<^ from the 
Island of Mull and other Tertiary localities referred to G'ndyn 
adiantoides (fig, 644) there can be no doubt as to generic id<‘{ititv 
with the recent species and indeed, so far as concerns forni and 
venation, the Eocene leaves might well belong to Ginkgu hUidnt, 
On the other hand even in the case of Ginkgo adiantfddes we lark 

' Felix (94) p. 1G7, Pi. ix. fig. 4. 

“ Penhallow (02) p. 43, Pis. xil., xiu. 


Platen (08) p. 143. 
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the confirmatory evidence of flowers and seeds. From Wealden 
and thirassic rocks numerous leaves have been described that in 
some cases are practically identical with those of the living species/ 
but for the most part they are characterised by certain features 
denoting at leavst a specific difference. For these and for other 
Ginkgo-like leaves it would seem desirable to follow the usual 
custom and adopt a designation that does not necessarily imply 
even generic identity. A few examples of seeds and male flowers 
are known from Jurassic strata bearing a close resemblance to 
those of Ginkgo biloha, but such specimens are not common and 
some of the few that have been found, though probably belonging 
to the Ginkgoales, may not be correctly included in Ginkgo. 
I therefore propose to employ the name Ginkgoiies for leaves that 
it is believed belong either to plants generically identical with 
Ginkgo or to very closely allied types. 

It is impossible in some cases to draw a sharp line between 
the genera Ginkgo and Baiera: typical examples of the latter 
genus are easily recognised by their narrow, relatively longer, 
and more numerous segments, but it is obvious that characters 
based on the degree of division of a lamina and on the breadth 
of the segments are at best unsatisfactory, and the inclusion of 
certain specimens in one or other genus is purely arbitrary. 

A difficulty is presented by several types of Palaeozoic leaves 
assigned by many authors to the Ginkgoales and referred to 
Ginkgo fhyllum, Psygniophyllum, and other genera which, while 
bearing a general resemblance to the leaves of Ginkgo, cannot be 
regarded as evidence of the occurrence of the class that is now 
represented by Ginkgo biloha. It has been suggested that Psygmo- 
phyUum, Ginkgo pit glhm%, Ehipidopsis, arid certain other genera 
should be included in a distinct group, the Palaeophyllales^, a 
group of which the affinities are unknown. Though the adoption 
of a distinctive group-name has the advantage of indicating the 
absence of any trustworthy evidence of relationship to the Giiikgo- 
aJci.s, it is open to question w^hether anything substantial is gained 
}/v the use of a term suggestive of relationship between different 
leaves that In. themselves aiiord no clue as to the position of the 
parent-plants. 

i Arber,E. A. X. (12)p. 405. ' 
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The name Ginkgoites as used in this chapter is restricted to 
leaves that are regarded as records of the GinkgoaI.es, while the 
genera referred bj Dr Arber to the Palaeophyllales are briefly 
described as fossils that may or may not be closely related to one 
another but which cannot as yet be assigned to any place in. o 
natural system of classification. 

The leaves discovered by Grand’Eury in Permian Uralian beds 
and described by Saporta as Salisbufia priniigenm^- shoiih.l pro- 
bably be referred to the genus Psygmopkgllum : like many other 
supposed Palaeozoic species assigned to the Ginkgoales or to 
Ginkgo^ they afford no satisfactory evidejice of affinity to the 
surviving genus. Other examples of leaves from Palaeozoic rocks 
described as species of Ginkgo or Salisburia on inadequate grounds 
are described in the latter part of this chapter. The Rhaetic 
leaves described by Brauns as Cych'pteris crennfa and afterw'ai'ds 
referred by Nathorst, with some doubt, to Gi}fkg(> are described 
in the account of Psygm,oj)kyUum^. 


Ginkgoites ohovata Nathorst. 

Fig. 632 A shows the form of the specimen from the Rhaetic 
beds of Scania on which Nathorst^ founded the species Ginkgo 



Ficj^ 632. A. Ohikgoites obovata, Ginkgoites foitarrfica. (Xat. sizf; A, aft^r 
Nathorst; B, drawn from a specimen in the University Miisotun, inMKiiie.i 


^ Saporta and Marion (85); p, 145, 6g. 74, 
» Nathorst (86) p. 93, PL xx. %. 5. ^ 


^See page hH. 
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obovdta : . the obovate lamina is 5*6 cm. long with a maxinmm 
breadth of 2%5 cm. ; the upper edge is partially torn and the 
forked veins are about 3 mm. apart. Some dark patches between 
the veins are probably, as Nathorst suggests, secretory sacs 
similar to those in the leaves of Ginkgo. In shape but not in 
venation this type resembles Ginhgodium Nathorsti Yok.^ (fig. 659, 
p. 62) ; except in the absence of a deep median sinus it is, how- 
ever, nearer to a species from the Jurassic of Dzungaria described 
Griginally as 6r%%o 

Ginkgoites Geinitsi/lS^ 

The leaf from the Rhaetic beds of Scania on which this species 
was founded was originally referred by Nathorst^ to Ginkgo but 
subsequently transferred by him to Baiera; it consists of a slender 
stalk and a sub-triangular lamina deeply divided into 4— -6 linear 
truncate segments with 2 — 4 veins dichotomously branched near 
the base (fig. 645, B, p. 38). An examination of the original 
specimen leads me to prefer the designation GinkgoUes to Baiem. 
This species like many others from Rhaetic rocks is hardly dis- 
tinguishable from some Jurassic types. 

GinkgoUes antarctica Saporta. 

Under the name Salisburia antarctica Saporta*^ described a 
single leaf from Australia believed to be of Lower Lias age, but 
no precise information is given with regard to the locality. Shirley ^ 
has also figured a specimen as Ginkgo antarctica from rocks that 
are pmobably of Rhaetic age at Denmark Hill, Ipswich (Queens- 
land). The lamina of Sapoita’s specimen is broadly obcuneate 
and 3*5 cm. broad, characterised by the presence of two marginal 
veins like those in Ginkgo biloba from which forked branches are 
given off. This leaf is practically identical with some of the 
smaller, entire, examples on the short shoots of the recent type. 
The rather larger specimen figured by Shirley does not present so 
striking a similarity to those of the existing species. The lack of 
definite information as to the provenance of the type-specimen 

^ iSiH* page (>l. Seward (11) p. 46, Pis. in. — vr. 

Xathorst (7H) B. p. 26. PL xiu. fig. 17. 

* Saporta and Marion (85) p. 142, fig. 7!, A.; Batte (88) PI. lii. tig. I ; E.cnault 
(85) A. FI. IL iig. 10. 

Shirley (OS) PL i. fig. 1. 


14 


GmKGOALES 



14. GmKGOALES [CH, 

is unfortunate/ but whether or not Shirley’s fossil is identical 
with Saporta’s specimen there would seem to be no reasonable 
doubt that it should be included in the genxm Ginkgoites. 

Fig. 632 B is drawn from a photograph of a specimen in the 
Brisbane Museum which I recently had an opportunity of examin- 
ing : it is from the Ipswich beds and is undoubtedly specifically 
identical with Saporta’s type. 

Ginkgoiies iigitata (Brongniart). 

This widely spread Jurassic species founded on, leaves from 
the Yorkshire coast, was first figured by Piiillips in 18*29^ as 
&fheno])tens lalifoUa, but under the same name Brongniarl/*'' had 
a year previously recorded a Carboniferous Fern. In 1831) Bron- 
gniart^ figured and described another Yorkshire specimen as Cgelo- 
jgtens digitata : the generic name Oydopteris was adopted by Dunive!* 
and other authors until Heer^ drew attention to the very close 
agreement between the Jurassic leaves and those of the Maidenhair 
tree, a similarity that led him to adopt the generic desigiuitiou 
Ginkgo. Leaves hardly distinguishable from the Jurassic impres- 
sions had previously been recorded from Tertiary rocks as species 
of SaMshuria or Ginkgo. 

It is impossible to define precisely the several species of Gink- 
goites founded on leaves: in the account of the recent species 
attention is called to the range in leaf-form and its bearing on 
the determination of fossils. All that can be done is to adf>pt 
certain specific names as a matter of convenience, recognising 
that the differences on which the classification is based are not 
either sufficiently sharply defined or morphologically important 
to be regarded as criteria of true specific distinctions. Many 
authors have employed the specific name Hntloni, first used liy 
Sternberg^ for leaves identical in size and outline with G. digifafa 
but characterised by a deeply-iobed lamina; this difference is, 
however, not greater than or even as great as differences met 
with within the species Ginkgo hiloha. To facilitate description 
the designation is retained as a form-designation for thc^ 

more deeply lobed examples included in the species (k digilaio {ejj. 

^ Phillips (29) A. PL vir. fig. 18. See Fontaine in Ward ( 05 ) |}. p. 1 21. 

2 Brongniart (28) A. p. 51. ^ Brongniart (28''^) A. p. 219. Pi. Lxr 2, 2. 

Heer (Sl^); (77) i. p. 40 . ^ Seward (00) B. p. 250. 
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fig. 633). The number of GinJcgoites leaves from Jurassic strata is 
considerable and the student who attempts to classify specimens in 
a large collection under specific heads soon finds himself confronted 
in an acute form with the constantly recurring difficulty of fixing 
boundaries. As Knowlton^ says, ‘In dealing with such an abun- 
dance of specimens and multiplicity of forms one must needs make 
either many species’’ to accommodate this diversity, or only one 
or two, and in view of the known variation exhibited by the single 
living species, the latter plan seems preferable.’ In advocating this 
use of specific names in a liberal sense I admit the probability or in- 
deed the certainty that forms specifically distinct will be grouped 



Fig. 633. GinJcgoites digltata var. Huttoni. A leaf from the Upper Jurassic of 
Helmsdale, Scotland. (Stockholm Museum ; iiat. size.) 

under one designation. It is, however, clearly impossible in the 
case of impressions of leaves of GinJcgoites to impose limitations 
based on the form of the lamina, the degree of dissection, and similar 
variable features that cannot be accepted as trustworthy criteria of 
true specific distinctions. As material accumulates data may be 
furnished that will enable us to recognise characters of morpho- 
logical significance : in carbonised impressions from which cuticiilar 
preparations can be rnade the form of the epidermal cells and 
the structure of the stomata may supply a valuable aid to more 
accurate diagnosis. The spacing of the veins is a feature worthy 
of attention in the ciescription of well-preserved specimens. 

^ Knowlton (14) p. 55,^^ 
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There is also a further difficulty in regard to terminology: 
the employment of the two generic names Ginkgo or Ginkgoilen 
and BaiATO, reveals a striking lack of uniformity a'mong auihms, 
and the artificial nature of the characters determining the use of 
one or other generic name necessarily lead to diversity in practice. 
As with the definition of species within the genus Ginhjoites, .so 
also the adoption of Ginkgoit£S or Baiera is to a large extent tlie 



Fig. 634. Ginkgoites digitata. Leaf from Kaj) Bohcmari, Spit zbergc^n, 
(Stockholm Museum; nat. size.) 

result of individual preference and merely expresses an {itteiiipt 
to classify in an arbitrary fashion the numerous t}'pes of leaves 
that in themselves afford no sure guide as to precivse affnuty. Tlie 
South African^ Rhaetic, specimen shown in fig. 635, L was ot iginally 
described m Baiera moltenensis^ but it might e([ually well be referreil 
to GinJcgoites: 

■ ■ ■ ^ Seward (08),B. Pi 
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The leaves of Ginkgo digitata have a long slender petiole (fig. 634) ; 
the lamina is semiorbiciilar or obcnneate, entire, or more or less 
deeply divided into equal lobes, or irregularly divided into several 



Fig. 635. Ginkgoites, (y nat. size.) 

A. (ftnkgoile-^ adiantoU^^ 

B. G. 'pluripartitri, Wealden, North. Germany (after Schenk). 

C. 6'. diglldta, .Iiirassic, Japan (after Yokoyaina). 

I). G. digitaia var. HuUoni, Jurassic, Au.stralia (after Stirling). 

E. G. .^ibirlca, Jurassic, Siberia (after Heer). 

F. G. digitata^ Jurassic, Turkestan. 

G. G. uiidfinervis. Lower Cretaceous, Greenland (after Heer). 

H. G. Jurassic, Oregon (after Fontaine). 

I. G. Jurassic, Yorkshire. 

J. G. Jurassic, Seotiand (after Stopes). 

K. G. digitata, Jurassic (or Wealden), Franz Josef Land (after Nathorst). 

L. G. Bhaetic, South Africa. 

M. G. digitata, Jurassic (or Wealden), Spitzhergen (after Heer). 

segments; the number and size of the segments and the form of 
their distal ends, truncate or obtuse, vary within wide limits 
(figs. 035, 037, 039, etc,). Numerous dichotomously branched 
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veins spread from the base of the lamina, the veins in the middle 
of the leaf being generally about 0*8 — 1 mm. apart. 

The stomata are practically confined to the lower surface of 
the lamina. The epidermal cells are polygonal and the walls 
slightly sinuous as in the recent species, and over the veins the 
cells are longer and narrower (fig. 636, A). Many of the larger 
epidermal cells have a cuticular ridge in the middle of the outer 
wall, represented in the figure by a black line. The stomata agree 
closely with those of Gir(Jk.go biloba ; the two guard-cells are sur- 
rounded by a group of subsidiary ceils characterised by their 



Eicc 636. Ginkgoites digitata; epidermal cells (A) and stoma (B). 

- C. Stoma of Ginkgo biloba in two planes. (A, B, drawn by Miss N. Bancroft.) 


papillose heavily cuticularised walls overarching the stoma (fig. 
636, B). The features shown in fig. 636 are not broiighfc out in 
drawings from cuticles of the same specimen reproduced by i3r 
Stopes^ in her account of fossil plants from Brora ; this may be 
due in part to a difierence in the level at which the stomata were 
drawn. The stoma of biloba represented in fig. C 

illustrates the considerable difference produced by viewing a stoma 
in slightly diflerent planes^. 

No seeds have been found attached to stems bearing leaves of 
(L digitata, but seeds closely resembling those of tlie recent s]>e(‘ies 
^ Stopes (07) p. 380. “ Seward (11) p. 47, PI v. tig. 6ib 
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occasionally occur in association with the foliage of this and other 
Jurassic species. Male flowers^ similar in habit to those of Ginhgo 
biloba Me also found in beds containing impressions of Ginkgoites, 
The abundance and wide geographical range of Ginkgoites 
digitata precludes anything more than a brief reference to some 
representative types selected in illustration of the range in form 
and the widespread occurrence of the species in Jurassic floras. 

The leaf represented in fig. 637 is an unusually complete 
example from the Middle Jurassic beds of Scarborough ; the lamina 
is 3*8 cm. deep and 6 cm. broad, 
the venation agrees with that of 
Ginkgo biloha. A very similar type 
of leaf is figured by Heer from 
Upper Jurassic (or Wealden) strata 
of Spitzbergen as G. integrinscula^ , 
but with the proviso that it may 
be merely a variety of G. digitata, 
a view that Nathorst^ has wisely 
adopted. The latter author in 
speaking of the occurrence of G. 
digitata in Spitzbergen states that 
'sometimes the surface of the schists [shales] is as completely 
covered with the leaves of Ginkgo as the soil beneath a living 
Ginkgo tiee may be in autumn^.’ In some specimens from 
the Yorkshire coast the lamina is practically entire as in a leaf 
from Scarborough in the York Museum figured in 1900^. An 
exceptionally large form is shown in fig. 638; the lamina, 8 cm. 
broad, is divided into several short and comparatively broad 
obtuse or truncate lobes®. Fig. 639 shows a leaf from the 
Stonesfield Slate, now in the Cirencester Museum; the lamina is 
deeply divided into two broad cimeate lobes as in some forms of 
the recent species. The Stonesfield Slate specimens were origin- 
ally named by Buckman N oeggemfMa {"1) and later StricMandia 

^ See page 51. ^ Heer (77) i. p. 44, PL x. figs. 7 — 9. 

Nathorst (97) p. 15; for a discussion of the age of tlie Spity.bcrgeii })e<is, see 
Nathorst (13“). 

^ Nathorst (IP) p. 221. 

^ Seward and Gowan (00) B. PL x. fig. 54. 

® Seward (00) PL II. %. 5. 



Fig. 637. Ginkgoites iligitala. 
(I nat. size.) M. S. 



amKGOALES 


Fig. 638. Gmkgolte-'i digitata, (Manchester Museum; nat. size.) 




Ginhgoites digitaia. (Cirencester Museum; nat. size.) 
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A deeply divide^ obcimeate leaf, only 2--~4 
broad, is figured by Dr Stopes^ from Jurassic strata (Lower Oolite) 
on the Sutherland coast at Brora (fig. 635, J). The specimen 
shown in fig. 633, also from the Sutherland coast, a few miles 
north of Brora and of Kimeridgian age, illustrates the type of 
leaf that may be conveniently referred to Ginkgoites digitata 
var. Huttoni^. Heer’s Jurassic species, Ginkgo Jmcardi^, from 
Switzerland is almost certainly Ginkgoites digitata. 


Arctic regions and northern Eurojye and Asia. 

The leaf reproduced in fig. 634 from a drawing made for me 
in the Stockholm Museum through the kindness of Prof. Nathorst 
was originally figured by Heer^ from Cape Boheman; Spitzbergen, 
from beds assigned by Nathorst to the X-pper Jurassie series. 
Nathorst includes in this series strata agreeing in their fossil plants 
with the Wealden of England and North Germany; the 'Ginkgo 
beds’ may be Portlandian or even younger. The veins in this 
specimen are approximately 1 mm. apart. 

The leaf represented in fig. 640 is one of several specimens 
collected by Dr Koettlitz in Franz Josef 
Land from beds that are probably Ju- 
rassic. The lamina is 2*5 cm. in depth 
and the veins are about 0-8 mm. apart ; 
the lamina between the veins shows a 
fine transverse, stria tion, nob shown in 
the drawing, a feature occasionally seen 
in impressions of Ginkgoites and due in . Onihjoaes flujiUiin 

all probability to the shrinkage of the Land (Museum ol UieGeo- 
niesophyll tissue into transverse bands^. logical Survey, London; 
This form of leaf has been described as 

Gingko polaris Nath." ; it is smaller than most examples of Ginkgoites 
^ Seward (04) B. x). 98. 

^ Stojoes (07) Pi. xxvii. fig. 4. For a ma.p of the Sutherland Coast, see Steward 

(IP). 

® Seward and Bancroft (13) p. 886. Hcer (70) PI. LVin. fig. 20. 

Heer (77) i. PI. x. fig. 2. 

® For similar transverse wrinkling, see Schenk (71) B. PL xxrv. figs. 7, 8; 
Seward (11) PI. xr. fig. 74 ; Heer (77) ii. PI. xi, fig. I 4 

’ Newton and Teall (97) PL xxxviii. figsg l, 2; (98) PL xxrx. fig. 3; Nathorst 
(99) PL I. fig. 8 and Thomas (11) PL it. fig. 8, 
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digitata and tlie veins are more crowded. For this type I suggest 
the designation ff. digitata vsii, folaris. Solms-Laubach^ figures 
an incomplete leaf from Franz Josef Land with a broader lamina 
divided into several broadly rounded segments as in many British 
specimens but with rather closer venation. A similar leaf from 
the same locality is figured by Newton and TealP. Fig. 635;, K 
shows a lobed leaf similar to that represented in fig. 640, described 
by Nathorst^ from Franz Josef Land and compared by him with 
sihifica Heer and G. flahellata Heer from the Jurassic of East 
Siberia. A very small specimen similar in form to the larger 
example showm in fig. 635^ K was figured by Nathorsth also from 
Franz Josef Land, as Ginkgo polaris var. 'pygmaea. From the 
west coast of Greenland Hartz described a leaf very similar to 
some of the Yorkshire examples as Ginkgo (Baiera) Ilermelmi^ : 
Hartz regarded the beds as Liassic or Rhaetic, and the occurrence 
of shells pointing to a Kellaways horizon immediately above the 
plant- beds suggests that the latter may belong to the Middle 
Jurassic series®. Ginkgo digitata is represented also in Jurassic 
strata in the New Siberian Islands by a leaf figured by Nathorst 
as Ginkgo sp. which agrees with the type (3. digitata var. Euttoni^, 
and Krystofovic^ has described G. digitata itom Jurassic beds in 
Ussuriland at the northern end of the Muravjev-Amurskyj penin- 
sixla. Some good specimens are recorded from Bornholm^, of 
Middle or Lower Jurassic age, as G. Huttoni which are identical 
in form and size with British specimens. 

North America. 

Several examples of leaves of the G. digitata type and some of 
the ioim Hiittoni have been figured from Middle Jurassic rocks 
in Oregon^® (fig. 635, H). Some particularly large examples are 
named by Fontaine G. Huttoni var. magnifoUa hx\t these are not 

^ Solms-Laubach (04) PL I. fig. 10. 

^ Newton and Teall (97) PI. XLi. fig. 10. 

® Nathorst (99) p. 11, PL i. figs. 8—19. ^ Ibid. PL T. figs. 20, 21. 

Hartz (96) PL XIX, fig. 1. « Johnstnip (83). 

• ^ Nathorst (07) PL I. fig. 20. 

® Krystofovic (10) PL III. fig. 1, 

Bartholin (94) p. 96, PL xii. figs. 1—3; (10) PL in. figs. 9, 10. 

Pontaine in Ward (05) B. Pis. XXX, — xxxil., XLVi. 
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specifically distinct from G. digitata, G. digitala is represented in 
Upper Jurassic or Wealden bed§ in Alaska (Cape Lisbiirne)^. 


Other Localities, 

From Southern Russia Thomas^ has recently described good 
specimens of Ginkgo digitata of Middle Jurassic age some of which 
agree closely with the large leaves figured by Fontaine from Oregon 
as G, H^ittoni vsiT. magnifolia; the specimens previously figured by 
Eichwald® as Cyclopteris incisa from the same district are examples 
oi G. digitata. The species is recorded also from Jurassic rocks 
in Turkestan^ (fig. 635, F), Chinese Dzungaria^ on the west border 
of Mongolia, from the region to the east of Lake Baikal^, and from 
Afghanistan'^. The incomplete specimen figured by Feistmaiittd*^ 
from the Jabalpur group of India as Ginkgo lohata, part of which 
is shown in fig. 643, A, agrees in the form of the lamina and in 
venation with G. digitata: the veins in the middle of the lamina 
are from *8 to 1 mm. apart. Feistmantel compares his s].)ecies 
with G. digitata, and an examination of one of his figured specimens 
leads me to assign it to that type; it is indistinguishable from the 
Afghan specimen already quoted. The piece of a leaf figured by 
Feistmantel as Ginkgo s'p. belongs to a similar leaf, but the venatir>n 
is finer and it may be identical with Ginkgo crassipes Feist.^ 

Leaves of the G. digitata type are recorded from Jurassic licds 
in Victoria^® (fig. 635, D) and from Japan^^ (fig. 635, C), Tu;Kson 
has figured a bilobed petiolate leaf from Jurassic rocks in Himgarv 
as Ginkgo parvifolia'^^ ; it is similar in form to most of the specimens 
referred to G, digitata, but has relatively broader segments: it is 
interesting as being the first recorded example oi Gmkgoiies from 
Hungary. 


4 Knowlton (14) PI. xlit. 

2 Thomas, H. H. (11) p. 73, PL iv. %. 7; PL vra. fig. 2. 

^ Eichwald (65) PL iv. fig. 6. Seward (07“) PL vn. 

^ Seward (11) PL iii. fig. 40. ® Krasser (05) PL ii, fig. 3. 

’ Seward (12) PL iv. fig. 51. 

« Feistmantel (77^) PL i. fig. 1. 

See page 28. 

Yokoyama (88) B. PL xiii, fig. 2. 


Seward (()4“) B. fig. :]5. 

4^ Tnmm (14) PL xiv. fig. L 
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Ginhgoites sihirica Heer. 

The specific name sibirica wag given by Heer^ to one of the 
most abundant forms in the rich plant-beds at Ust Balei near 
Irkutsk in Siberia; the specimens figured from Siberia m Ginkgo 
sibirica (fig, 635, E), G, Schnidtiana, and G. lepida cannot be 
regarded as well-defined species; they agree in the deep division 
of the lamina into several hnear segments with obtuse or in some 
cases more pointed apices. Heer draws attention to the re- 
semblance between G, sibirica and G. pluripartiia from Wealden 
rocks but, as he says, the venation is rather coarser in the Siberian 
leaves and the segments are generally narrower in 6-. sibirica. 
Fontaine in his description of Jupassic leaves from Oregon appa- 
rently identical with Heer’s G. sibirica states that G. Schmidtiana 
is a smaller form of the same species^, but Ward^ points out that 
as G. Schmidtiana is described on one page and G. sibirica is defined 
on the following page the former designation must be preserved. 
It may be urged that as the name sibirica m the more widely used 
and familiar term, considerations of convenience should override 
this meticulously strict interpretation of the rule of priority. A 
revision of Heer’s Siberian material would, I have no doubt, result 
in the reduction of his specific terms; on comparing several 
specimens in the Museums of Copenhagen and Stockholm with the 
illustrations in the Flora Fossilis Arctica I found that several of 
the published figures are far from accurate. For the present the 
most convenient course would seem to be the retention of Gink- 
goites sibirica for leaves similar to some of the more deeply divided 
forms of G. digitata and to G. pluripartita, but normally character- 
ised by a lamina divided almost or quite to the base into oblong, 
obtuse or more or less acute segments. Leaves of the G. sibirica 
type, using the term in the wfider sense and including Heer’s 
other species Ginkgo Schmidtiana midi G. lejyidayme fairly common 
in Jurassic rocks and occur also in Cretaceous floras ; they are 
recorded from Kimeridgian beds in Scotland^ (fig. 641, A), 
Jurassic strata in Siberia, China^ (described by Yokoyama as 

^ Heer (77) ii p. 61, PL vn. fig. 6; PL ix. fig. B b ; PL xi.; Heer {S'2) ii A. p. 10 
Pls.'iv., V. • ' ■ ' 

2 Fontaine in Ward (05) B, p. 125, PL xxxin. » Ibid. p. 120 (footnott^). 

^ Seward (11-’) p. 679, fig. 9, A. 

Yokoyama (06) B. PI. vii. ; Kras£?er (05) PL n. fig, 5, 
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G. flabeUatay also the sim^ leaves figured by Krasser as G, BGurnclh 
"ian(t var. pdrvifolict), Turkestan^, and ^\esterii America^ ; also Iroiu 
Upper Jurassic beds in Japan^ and Franz Josef LaiKU and iroui 



A . ^ 

Fig. 641, A* Gnihgoites sibirica. B. Baiera Brmmiana; from Jurassic 

(Kimeridgian) beds on the coast of Sntherland. 

Lower Cretaceous beds in Canada^. A similar form of (hnkgoiies 
is recorded from Jurassic rocks in Victoria®. 

It should be added that some Jurassic specimens described as 
species of Baiera, e.g. Baiera PMUipsi'^ Nath, are very near. to 
G. sibirica and in such cases the choice of Bdiera or Giahjoitei^ 
is not determined by any satisfactory standard. 

[Ginhgo digitata (Brongn.), Schinalhausen (79) A. p. 33, PI. v. fig. 4 ?>. 
GingJw sifefnca Heer?, Ibid. p. 34, PI. iv. fig. 2 6.] 

The incomplete leaf-fragments from the Altai mountains re- 
ferred by Schmalhausen to these species are too incomplete to be 
determined with any degree of certainty. The precise age of the 
beds is uncertain but, as Zeiller® has shown, they are probably 
Permian. There is a certain resemblance between the specimen 
referred to Ginkgo digitata and some leaves from Peimo-Oarboni- 
ferous strata in Kashmir described as Psygmo 2 i^hyUiirn HoUmidi 

^ Seward (07^) PI. vn. Fontaine in Ward (Oo) B. PL xxxnr. 

2 Geyler (77) B. PL xxxi. %. 6; Yokoyama (89) B. PL xiv. 

^ Newton and Teall (97) PL xxxvni. ; Nathorst (99). 

« Dawson (85) PI. 11 . Seward (04-) B. p. l'77. 

^ Seward (00) B. p. 270. 

® Zeiller (96) A, ® Seward (07) p. 59, PL xirr. figs. 5 — 6. 
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Ginhgoites ivhilhieMsu (Natliorst). 

This name was proposed by Nathorst^ for a leaf from the 
Jurassic rocks of the Yorkshire coast in the British Museum similar 
to some of the smaller forms referred to G. digitata but characterised 
by the deltoid form of the lamina, its deep dissection into six 
more or less pointed segments, three on each side of a broad median 
V-shaped sinus, and by the small size (1*5 cm. broad and 2-5 cm. 
deep) of the lamina. It is hardly possible to decide whether this 
and similar small leaves should be regarded as varieties, e,g, G. digi- 
tata var. polaris, or assigned to a distinct species. Fontaine^ com- 
pares some leaves figured by him from Oregon as Ginkgo sp, with 
Nathorst’s species, but they are probably nearer to the examples 
described by Nathorst and others as G. polaris. A small bilobed, 
leaf figured by Eaciborski^ from Rhaetic beds near Cracow as 
Ginkgo aff. ivliitbiensis is more likely to be a young leaf of the 
Fern Hausmannia. 



Ginkgoites Ohrutschewi Seward. 

This species, named after Prof. Obrutschew who made a col- 
lection of plants from Jurassic rocks in Chinese Dzuiigaria^ on 
the western border of Mongolia (lat, 85'^ ,N. long. 45'”’ E.), agrees 
fairly closely with some forms of G. digitata. The lamina is deeply 

1 Nathorst (80) A. p. 74 ; Seward (00) B. p. 261, Pi. ix, %. 8 

2 Pontaine in Ward (05) B. PI XXXIV. 

v 'Baciborski (01) PL iv; fig. 13. ^ ^ Seward (11) p, 46, Pis. iii, — vil. 
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bilobed and each half may be similarly divided: the segments 
are obtuse and not truncate (fig. 642^ A) ; the veins are approxi- 
mately 1 mm. apart. The walls of the epidermal cells are straight 
and not sinuous ; the stomata (fig. 642, B) are practically confined 
to the lower surface and are less numerous than in Ginkgo hiloha. 
The guard-cells are surrounded by a group of broadly triangular 
cells with papillose, thickly cuticularised, inner walls, but the 
overarching papillae are rather less prominent than in G. digitaia. 
It is interesting to find short secretory tracts at intervals in the 
intercostal regions of this species agreeing with those in the leaves 
of the recent species. A leaf described from Jurassic rocks in 
Amurland Ginkgo sp., c/'. G. Ohmtschewi^ agrees closely with 
the type-specimens. 

Ginkgoites crassipes (Feistmantel). 

This Upper Gondwana species (fig. 643, B) was described from 
the Madras coast as Ginkgo crassipes'^. An examination of the 
type-specimens enables me to confirm generally the accuracy of 
FeistmanteFs figures except in one point, namely the supposed 
presence of a median ridge extending from the petiole through the 
lower third of the lamina, which gives the impression of a midrib : 
this is merely a shallow groove that is clearly accidental. The 
leaves appear to be entire ; the lamina is obcuneate and passes 
into a fairly stout petiole ; the veins are occasionally forked and 
approximately 0-5 mm. apart. The piece of lamina described by 
Feistmantel as Ginkgo sp.^ may be specifically identical with this 
species. 

Ginkgoites pluripartita (Schimper). 

This Wealden species was first described by Dunkei'^^ as 
Oyclopteris digitata Brongn. and Ettingshausen® also regarded the 
German specimens as identical with the English Jurassic type. 
Schimper® proposed the name Baiera pluripartita because of the 
deeply divided lamina and the comparatively narrow segments : 

1 Seward (12®) PL i. fig. 9. 

2 Feistmantel (77) p. 197, figs. 6, 7; (79) p. 31, Pis. xv., xvi. 

® Feistmantel (79) PL xvi. fig. 12. 

^ Bunker (46) A. p. 9, PL i. figs, 8, 10; PL v. figs. 5, 6; PL vi. fig. 1 1. 

® Ettingshausen (52) p. 12, PL iv. fig. 2. 

Schimper (69) A. p. 423. 
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while substituting for jBuiem, it is advisable to retain 

Scliimper’s specific designation on the ground that the deep division 
of the lamina appears to be the rule in the Wealden leaves whereas 
in G, (ligitata the leaves are usually much less deeply dissected and 



Fig. 643, GinJcgoites lobata (A) and Ginkgoites crassipes (B). 

(Indian Geological Survey, Calcutta.) 

have broader segments. The largest specimen is one figured by 
Ettingshausen with a lamina 7*5 cm. broad and 4-5 cm. deep; 
there is generally a deep median sinus and each half of the lamina 
is subdivided into relatively narrow obtuse or truncate obcuneate 
segments (fig. 635, B). Schenk^ describes the epidei-mal cells as 
^ Schenk (71) B. p. 212, Pis. xxiv., xxv. fig. 7. 
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polygonal with straight walls ; the stomata are sxirroiinded by 
5— 6 accessory cells as in Oinhgo biloha and they are confined to 
the lower surface. Although there is practically no difference, 
as regards form and venation, between this Wealden species and 
some of the Jurassic leaves referred to G. digitata var. Hiittoni the 
distinctive specific name is retained for the reason already men- 
tioned. 

Leaves of a very similar form are figured by Heer as Ginlgo 
nmltinenis'^ (fig. 635, G), from Upper Cretaceous (Cenomanian) 
beds of West Greenland, anddBaiem arctica from the Kcme beds 
(Urgonian) of West Greenland^. 

The specimen from the Atane (Cenomanian) beds of Greenland 
figured by Heer as GinJcgo 'primordialis^ appears to be an entire leaf 
with a long petiole 2-5 mm. broad : the original impression in the 
Stockholm Museum, too incomplete to serve as the type of a species, 
shows a very imperfect lamina and a long axis that has probably 
no connexion with the leaf. 

Ginkgoites adiantoides (Unger). 

The Tertiary leaves on which this species was founded were in 
the first instance described as Ginkgo hiloha^ and, as several writers 
have pointed out, so far as regards form and venation there is no 
good reason for drawing a distinction between the fossils and the 
leaves of the recent species. In a note published in 1913 Depape^ 
definitely adopts the name Ginkgo biloha for Tertiary leaves which 
he regards as specifically identical wfith Unger's species. In the 
absence of any satisfactory evidence as to the nature of the repro- 
ductive organs and in view of the considerable interval that 
separates the Tertiary and recent plants, it is clearly inadvisable 
to assume specific identity. In adopting the generic designation 
Ginkgoites instead of Ginkgo I am followung the custom geiierally 
recognised of distinguishing fossil forms by a special terminatioiu 
though there is no implication that all species so named are 
generically distinct from the surviving type. In proposing the 

1 Heer (82) ii. B. p. 46, PI. viii. figs. 2—4 ; PI. ix. fig. 3 h. For an account of the 
stratigraphy and maps of these plant- beds on the coasts of the Noorsoak peninsula, 

.sec Johnstmp (83) and White and Schuchert (98), 

- Heer (75) ii. B. p. 37, PL iii. fig. 3, 

3 Heer (75) ii. B. p. 100, PL xxvir. fig. L 
^ See Gardner (86) p. 99. Bepape (13). 
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name Salishuria adiantoides for the Miocene leaves from Sengallia 
in North Italy Unger^ indicated their probable identity with 
Gmlcgo hiloba L., the generally adopted name for the existing 
species which Smith in 1797 proposed should be called Salishuria. 
adiantifolia^. The Miocene leaves from Sengallia figured by 
Massalongo and Scarabelli^ have an entire, irregularly crenulate 
or a more or less deeply bilobed lamina very like that of Ginhgo 
hiloba: the specimen named by them S. Procaccini^ should also 
be included in G, adiantoides. The resemblance to the recent 
leaves extends to the presence of short secretory tracts between 
the veins, but these were referred by Massalongo to a fungus 
which he named Sclerotites Salisburiae^, 

The two specimens reproduced in fig. 644 from the Eocene beds 
in the Isle of Mull illustrate the broad fan-like lamina that varies 
from 5 to 10 cm. in breadth and may be entire, unevenly lobed or 
symmetrically bilobed. The venation is identical with that of the 
living species : the characteristic marginal veins on the lower edge 
of the lamina are clearly seen in fig. 644, A. The preservation 
of these British leaves described by Mr Starkie Glardner® is 
exceptionally good; they occur as purple impressions in white 
clay interbedded with basaltic sheets in the cliffs of Ardtun Head 
in the Island of Mull. Though perhaps on the average these 
Eocene leaves from Mull are larger than those of the Maidenhair 
tree some examples of the latter exceed in size any of the fossils. 

Leaves identical mth or very similar to the Italian and Scottish 
specimens are recorded from both Tertiary and Upper Cretaceous 
rocks in many parts of the world. Specimens collected by Dr Lyall 
from Tertiary (Miocene or Eocene) beds on Disco Island oft’ the 
West coast of Greenland, lat. N. 70'^, were described by Heer’^ as 
Salishuria borealis and he also speaks of them as Salishuria adian- 
toides YdJt, borealis^. An examination of the original specimens 
in the Kew Museum and an impression in the Dublin Museum 

1 Unger (45) p. 211 ; (50) A. p. 392. y Smith, J E. (1797). 

3 Massalongo and Scarabelii (58) p. 163, H. i. fig. 1; PL vi. fig. 18 ; PL vii. 
%. 2; ,PL X'XXIX. fig. 12. 

^ p. 165, PL XXXIX. fig. 1. 

■' PL I. fig. 1 «. ® Gardner (86) p. 99, PL XXI. ; (87) A. 

" Heer (68) i p. 95, PL n. fig. 1; PL xrvn, fig. 4 «. 
p.,183,,/: 
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collected by Sir Leopold McCIintock enables me to confirm Xiard- 
iier’s view as to the identity of S, horealis and S, adiantoides. 
Examples of t?, adiantoides were also obtained from Atanekerdluk^ 
on the Noursoak peninsula to the north of Disco Island. Heer 




Fig. 644. Ginhgoites adiantoides. From Eocene beds in the Island of Mull 
(British Museum, V. 1060.) 

figures a very well preserved leaf with a long petiole from Ataiie- 
kerdluk which he refers to S, adiantoides. In a later account of 
this flora he refers the species to Ginkgo, Heer regarded these 


^ Heer (68) i. p. 57, PL Lxxvii. hgs. 9 — 12; PL xvn, fig. 14, 
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Greenland beds as Miocene, but it has been suggested that they 
may belong to the Eocene period^. 

Heer^ also described specimens oi Ginhgoites adiantoides from 
beds, assigned to the Miocene period, in Sachaliii Island. This 
species has been obtained from the Laramie series, a thick succession 
of brackish water strata deposited on both sides of the Rocky 
Mountains ' extending from Mexico far into British North American 
Territory’ and including both Upper Cretaceous and Lower 
Tertiary strata^. Leaves described by Lester Ward as Gindcgo 
laramiemis^. and regarded by him as intermediate between G, adian- 
toides and G. are indistinguishable by any definite character 
from G, adiantoides. Ward’s species is also recorded by Knowlton^ 
from the Montana formation, a series of beds formerly included in 
the Laramie group, in Wyoming. Ginhgoites adiantoides occurs 
in Upper Cretaceous beds in British Columbia and specimens 
described as Salishiria jousilla^ by Dawson, which I believe to 
belong to this species, w^ere found in the Upper Cretaceous of 
Vancouver Island. From beds of the same age Penhallow’^ has 
described some wood as Ginhgo pusiUa though it is not clear on 
what grounds it is assigned to the genus Ginhgo. 

It is interesting to find leaves of this type recorded from Lower 
Pliocene beds at Saint Marcel-d’Ardeche in France^ and from 
Upper Pliocene beds in the Lower Main valley in Germany’^ 

It is therefore abundantly clear that trees, apparently indis- 
tinguishable as regards the form of the leaves from Ginhgo hilobay 
flourished as recently as the Pliocene period in western Europe 
and in the Eocene period grew as far north as latitude 70 ^. 

Records of seeds referred to Ginhgo are very meagre and add 
nothing of importance to our kno"wledge of Tertiary species. Some 
pyritised seeds were described by Ettingshaiisen and Gardner 

1 W^iite, P. and Schuchert (98) p. 367. 

Heer (78) v. p. 21, PI. n. %s. 7—10. 

3 Ward (87) p. 15, PI. xxx. figs. 5, 6 ; (85) PI. xxxi. pp. 4—6. 

A /fil'd. PI. I. fig. 4 ; PL XXXI. fig. 4. 

^ ICnowlton (00) p. 31, PL iv. figs. 7^ — 10; PL v. fig. 5. 

® Dawson (93) p. 56, PL vi. figs. 11 — 14. Beer’s species Ginkgo jntJiilbf is 
founded on Jurassic leaves; Heer (77) ii p. 61. ' 

' Penhallow (02) p. 43, Pis. xu^, xm. ® Depape (13). 

^ Engelliardt and Kinkelin (08) p. 196. PL xxiii. fig. 18. 

Ettingshansen (79) p. 392. 
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from the London clay of Slieppey as Salisbiiria eocenica and 
afterwards figured by Gardner as Ginkgol eocenica'^. The 
specimens (11 x 9 mm.) are smaller than the seeds of the recent 
species but in shape and in^the keeled shell there is a fairly close 
resemblance. The hard sclerotesta forms the surface of the fossils* 
Similar seeds have been assigned to Ginkgoites adiantoides from 
the Upper Pliocene of the Frankfurt district^, but neither the 
German nor English specimens possess any interest as records of 
Ginkgoites seeds. 


Ginkgodadus, Ettingshausen. 

An imperfect leaf-like impression described by Ettingshauseir'^ 
from Eocene beds in New Zealand was made by him the type of 
a new genus Ginkgodadus and interpreted as a stalked pliylloclade 
similar to those of the recent Conifer Phyllodadns, but because of 
the presence of a slender stalk and the resemblance of the lateral 
veins to the venation of Ginkgo Ettingshausen suggested an affinity 
to that genus. The existence of a midrib is, however, an important 
difference. Neither the New Zealand species nor similar fragments 
from Eocene strata in New South Wales (Ginkgodmhis auslra- 
liensis^) are of value as botanical records. 

BAIERA. Braun. 

This generic name was first used by Braun^ for some Triassic 
and Jurassic leaves agreeing in shape with those oi Ginkgoites but 
distinguished by the greater number and less breadth of the linear 
segments. Braun’s definition states that the primary veins are 
dichotomously branched while between them secondary veins 
form irregular hexagonal meshes. Schenk® examined Braun’s 
Rhaetic specimens and failed to discover any indication of tlie 
presence of secondary veins. In 1877 Heer'^ emended the original 
definition of the genus: he refers to the presence of finer veins 
between the main vascular strands and this feature is shown in 

A Gardner (86) p. 46, H. IX. figs. 31--34. 

“ Engelhardt and Kinkelin (08) p. 196, PL xxin. figs. 16 — 18. 

® Ettingshausen (87) p. 39, PL xii. fig. 19. 

^ Ibid. (88) p. 103, PI. vin. fig. 32. s Braun, G. P. W. (43) p. 20. 

Schenk (67) A. p. 42. Schenk includes some of Braun’s .species of Bakra in 
Unger’s genus Jcanpaulia which has since been discarded. 

7 Heer (77) ii. p. 51. 
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some of his figures: these interstitial ‘veins’ probably mark the 
position of hypoderinal strands of stronger celK ^ feature that is 
not represented in recent or fossil Ginkgo leaves and is by no means 
generally characteristic of Baiera, Both Braun and Heer describe 
male and female reproductive organs: Braun interpreted some 
small specimens as sporocarps but these were recognised by 
Schenk as young foliage leaves. The male organs are described 
by Heer as ‘amenta staminifera pedunculata, nudar filamenta 
filiformia, antherae loculis 5—12, verticillatis. Semen drupae' 
forme, basi cupula carnosa cinctuni’ and compared with Schenk’s 
Stachyopitys Preslii which that author afterwards regarded as 
microstrobili of Baiera Miiensteriana, Reference is made to 
these and similar fossils in the account of examples of male 
flowers^. Seeds have been referred to Baiera on evidence 
furnished by their occasional association with leaves and by their 
resemblance to those of Ginkgo. It has been suggested that 
specimens described from the Potomac group of Virginia and 
Maryland as Carpolithus ternatus^ and other species may be seed- 
bearing organs of Baiera, but there is no satisfactory evidence in 
support of this view. In all probability some of the associated 
seeds belong to Baiera, also some of the microstrobili, e.g. Leuthardt’s 
Swiss specimens described on a later page, but in the present 
state of our knowledge it is preferable to regard these specimens 
as reproductive organs that cannot be assigned with certainty to 
any particular species of Baiera or Ginkgoites. 

Leaves assigned to Baiera vary within wide limits as regards 
size, the number of linear segments and their angle of divergence. 
In many cases the leaves are petiolate though in several instances 
the petiole is represented by a narrow basal region of the lamina 
as in Psygmopliyllum. It is stated by some authors that the veins 
are undivided, but though dichotomy is less frequent in Baiera 
and may be absent in narrow parallel-sided segments it is by no 
means rare. The difference in venation between such leaves as 
Ginkgoites digitata and typical species of Baiera, e.g. Baiera gracilis, 
is mainly the result of the different form and degree of dissection 
of the lamina. The choice between Ra /cm or Giiikgoiles as the 

^'Page;5L ; ■ 

^ Eontaine (80) B. pp. 265 etc., Pis. 134 etc. ; Berry (li) p. 372. 
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more suitable name for certain forms of leaf is not governed by 
any definite criterion : specimens described as Ginkgo sihirka, 
G. lepida/G, ooncAnna^, etc. are indistinguishable from leaves 
referred by authors to Baiera, Similarly such a species as 
B. Lindley ana differs very slightly from some forms usually in- 
cluded in the genus Czehanowshia. Although leaves of Ginkgoites 
and Baiera are abundantly represented in plant-bearing beds we 
know very little of the habit of the fohage-shoots ; in a few cases 
there is evidence of the occurrence of several leaves on a single 
short shoot (fig. 646) ; in Baiera pamipartita, for example^ the 
habit is the same as that of Czehanowshia and Phoenicopsis, but 
in view of the frequent preservation of CzeJcanowsMa leaves still 
attached to an axis it is surprising that the leaves of Baiera almost 
always occur as detached specimens. The explanation may be 
that in Ginhgoites and Baiera the foUage-leaves were borne on 
long and dwarf-shoots as in the recent species Ginkgo hiloha, 
whereas in Czehanowskia the leaves were confined to shoots of 
limited growth as in Finns, Some specimens described by Salfeld^ 
from the Solenhofen beds of Bavaria as Baiera'i longifolia Heer 
are interesting in this connexion; they consist of fairly stout 
branches bearing alternate leaf-like organs having the habit of 
Baiera longifolia hut subtended by a short and thick recurved 
spinous process. There is no means of deciding from the avail- 
able material whether the resemblance of the leaves to those of 
Baiera is an expression of relationship or merely a case of parallel 
development^ nor have we any means of determining the morpho- 
logy of the leaves and the subtending spines. The Solenhofen 
plant agrees in habit with Seivardia latifoliaA from the Wealden 
of England and is included under that genus. . Whfle relationship 
between Sewardia and Baiera is by no means excluded^, it is clear 
that the species of the former genus differ considerably from 
typical representatives of Baiera and Ginkgoites, Certain species 
oi Baiera exceed in size the leaves of any example of Gintigoifes, 
uotdhlj B, Simmoiidsi, B, spectahiUs, d^ndi 

The specimens described by d^ontaine and Berry from the 

^ Heer (77) ii. PL xiii. figs. 6—8. 

2 Nathorst (78'd B- PL xxi, 

3 Salfeid (07) B, p. 195, PL xx. fig. 3; PL xxi. fig. I. 

^ Page 105. 
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Potomac group in Virgiiiia as Baiemfohosa^^ consisting of an axis 
bearing crowded leaves with a deeply and rather irregularly divided _ 
lamina and a comparatively broad and flat basal region, are not 
typical examples of the genus but agree more closely in habit 
with the older genus Dicrano'pliyllum : their precise position 
cannot be definitely determined. 

The structure of the cuticles is known in a few species from 
accounts pubhshed by Schenk Nathorst^ and Thomas^; the 
epidermal cells are sometimes characterised by fairly prominent 
papillae on the outer walls (fig. 647) and the stomata, more 
abundant on the lower surface but present also on the upper 
surface, closely resemble those of Ginkgo and Ginkgoites ; the 
guard-cells are slightly depressed and are surrounded by 5 — 6 sub- 
sidiary cells with strongly cuticularised and projecting walls 
(fig. 647). Nathorst^ has drawn attention to the presence in 
B, spectabilis of traces of some secreted substance in the mesophyll 
recalling the secretory tracts in the leaves of Ginkgo. 

Braun and other authors have included Baiera in the Filicales, 
and attention has been called to the danger of confusing true 
Fern-fronds with leaves of Baiera. Berry’s discovery of sporangia 
on the linear segments of Baiera-M:e leaves from the Potomac 
beds, originally referred by Fontaine to his genus Baieropsis and 
regarded by him as Ginkgoaceous, illustrates the possibilities of 
error in determinations founded on leaves alone. The fertile 
examples of Baieropsis have been made the type of a new genus 
ScJiizaeopsis^, other species qf Fontaine’s genus being transferred 
to the genus Acfostichopteris ; they differ from Baiera in their 
attachment to slender axes and are no doubt portions of compound 
Fern-fronds. 4t is impossible to define with confidence the precise 
geological range of the genus; leaves from Permian and Upper 
Carboniferous strata agreeing with Baiera in the deep dissection 
of the lamina have been assigned to the genus Ginkgophyllum 
{Psygmophyllum) and compared with Bupottu's Ginkgophyllum 
Grasserti {-Sig. 87). In imperfect specimens it is not always 
possible to draw a sharp fine between Baiera and species of Psygmo- 

^ Pontaine (89) B. p. 213, PI xciv. fig. 13 j Berry (11) p. 372, PL lix. 

2 Schenk (67) A. PL vt. figs. X, 2 ; PL ix. figs. 11—13. 

3 Xathorst (06). A Thomas (IS^J p. 244, fig. 5. 

^ mthorst (06) p. 9, fig. a « Berry (11) p. 214; (IP). 
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2)hyUum. .Tliere are, however, certain Permian leaves that are 
legitimately included in Baiem; the genus appears to have been 
widespread in Triassic floras, though more especially in those of 
the Ehaetic and Jurassic age. Baiem shares ‘ with an 

important position in the Jurassic vegetation of both hemispheres, 

• but in the Cretaceous period Baiera appears to have been a com- 
paratively rare genus and in the Tertiary floras it was entirely 
replaced by members of the Ginkgoales with leaves of the type 
that still survives. Baiera is clearly an older form than Ginkgoites ; 
it is not recorded from India and it has not been found in the 
Permo-Oarboniferous rocks of Gondwana Land. 

Baiera though unknown in a petrified condition may con- 
fidently be included in the Ginkgoales ; the habit of the leaves, 
the structure of the epidermal cells and such evidence as there is 
■with regard to the fertile shoots favour this conclusion. It must, 
however, be added that the position of the Palaeozoic examples is 
less firmly established. 

Baiera virginiana Fontaine and White. 

This species, from Permian beds in Virginia b is based on im- 
perfect portions of laminae deeply divided into bifurcate segments 
with truncate apices and several parallel veins ; it agrees in the 
form of the lamina and in the linear divisions with, the type- 
specimen of Brongniart’s Fucoides digitatus^ from Permian beds 
of Mansfeld, a species which Geinitz^ also recorded, but under the 
generic name Zonarites. Potonie^ and other authors, following 
Heer, transferred the species to Baiera. Heer’s combination, 
B. digitata, had, however, already been used by Schimper® for the 
Jurassic species usually called Ginkgoites digitata. 

Leaves of the form represented by B. virginiana may be closely 
allied to Saporta’s Permian species Ginlcgophylhim {Psygmophyllum) 
Grasserti^. In the absence of the basal part of the lamina a com- 
plete diagnosis or accurate identification is impossible. Some 
authors have referred fragments of similar leaves to the genus 

1 Fontaine and Wliite,(80) B. p. 103, PI. xxxvii. %s. 11, 12. 

2 Brongniart (28^) A. p. 69, PI. IX. fig. 1. 

3 Geinitz (62) PL xxxi. figs. 1, 2. 

4 Potonie (93) A. p. 237, PI. xxxn. fig. 2; PI. xxxm. fig. 6. 

^ Schimper (69) A. p, 423. . ® Page 87. 
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Scilizopefis, e.g. SMuembeli from Upper Carboniferous and Permian 
strata b but other Permian specimens assigned to ScMzoperis, 
e.g. S. dichotoma and S, tricho^mnoides^ are generically distinct 
and probably belong to Pteridosperms. B. virginiana and the 
leaves referred to Baiem digitata — possibly specifically with Fon- 
taine's type— represent Permian forms that agree closely with the 
larger species B. Sinvmondsi, Heer’s Keuper species B. furcata, 
and with the larger examples of B. Mmnsteriana from 

Rhaetic beds. 

Baiera Rayniondi Renault. 

This French, Permian (Autunien), species^ (fig. 645, A)"*difiers 
but little from B. virgmiana; the narrow cuneate leaf is divided 



Fig. 645. A, Baiera BaymoMi. B, Ginkgoites Gemitzi. 

(Nat. size ; A, after Benault; B, after Nath orst.) 

into very regularly bifurcate narrow linear segments diverging at 
a small angle. The largest specimen is 10*8 cm, long, the basal 

1 Weiss (69) B.Tl. xii. fig. 7; Goeppert (64) A. PI. ix. figs. 6, 7. 

2 Zeiller (06) B. PL I. ^ Kenault (88) p. 324, fig. 48. 


XL] 


BAIERA 


39 


portion of the lamina is 5 mm. broad and the ultimate segments 
with obtuse apices have a breadth of 2-5 mm. The venation is 
imperfectly shown in the specimens figured by Renault and Zeiller^. 
Badera furcMa Heer. 

A type similar to B, multifida Font., but characterised by the 
more uniformly narrow segments (2—2-5 mm.), is described by 
Heer ^ and Leuthardt® from Keuper beds of Switzerland. Leuthardt’s 
figures show a single vein in the segments, a feature which may 
be a peculiarity of the species. It was in association with this 
species that Leuthardt found the male flowers referred to on 
another page (p. 53). 

Badera paucipartita Nathorst. 

The leaves of this Swedish, Rhaetic, species^ may reach a length 
of 10 cm. ; the lamina is narrow and cuneate, deeply divided into 
bifurcate linear segments with obtuse apices. It difiers from 



JTia. 646. Baiera paucipartiia. (After Xathorst; | nat, size ) 
^ Zeiller (06) B. p. 202, PI. XLVin. figs. 1, 2. 

2 Heer (76) A. Pis. XXIX., XXX., XXXVI. 

3 Leuthardt (03) p. 7, Pis. n.— IV. 

^ Nathorst (86) p. 94, Pis. xx.— xxii. 
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B: longtfoUaMeei and other similar species in the smaller number 
of segments. There is no petiole but the leaves are attached by 
a narrow basal portion to a short axis (fig. 646). The occurrence 
of several leaves on a very short scale-covered dwarf-shoot is an 
interesting feature which affords evidence of relationship with 
Qzehanowskia and Phoenicopsis. Baiera paucipartita is described 
by Yokoyama^ from Rhaetic beds in Japan and an imperfect 
specimen from Rhaetic strata in New Zealand has been assigned 
by Arber^ to this species. In the case of imperfect leaves it is 
impossible to distinguish specifically between many ‘species’ of 
Baiem characterised by the division of the lamina into Inlobed 
linear segments. 

Baiem spectabilis Nathorst. 

The leaves of this Rhaetic species from the south of Sweden^ 
reach a length of 25 cm, ; the coriaceous lamina is obcuneate and 
fan-like but narrower than the leaves of such a species as B, Sim- 
mondsi. There is no well-defined petiole; the lamina is deeply 
divided into two symmetrical halves each of which is further sub- 
divided into bifurcate linear segments, and the strongly contracted 
ultimate segments are a characteristic feature (fig. 647). The 
basal region forms a stalk-like portion varying in length and, in 
the specimens so far obtained, not exceeding 3 cm. The veins 
are parallel to the sides of the segments and on the average 1 mm. 
apart; they are occasionally dichotomously branched. Stomata 
occur on both sides of the lamina but are more numerous on one 
surface, presumably the lower; the guard-cells are slightly de- 
pressed and surrounded by 5— 6 subsidiary cells with thickly 
cuticularised papillose walls (fig. 647, B) as in Ginkgo. The epi- 
dermal cells on the lower surface are also papillose like those 
described by Thomas in B. longifoUa^. Several dark spherical and 
spindle-shaped patches found by Nathorst between the cuticular- 
ised layers are believed to be the remains of some resinous or other 
substance comparable with that formed in the secretory tracts in 
the leaves of and some species of Ginkgoites. 

Baiera spectabilis k one oi the larger forms of the species; it 

1 Yokoyama (05) PL ii. fig, 6. 2 Arber, E. A. N. (13) PL vii. figs. 2, 3. 

3 jNq-athorst (06). « Thomas (13) PL xxv. figs. 3, 4, 
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resembles 5. pulchella, a Jurassic species described by Heer^ from 
East Siberia and by Bartholin^ from Bornholm, but in typical 
examples of B. pulcheUa the lamina is divided into two segments 
only. Comparison may be made also with B. longifoKa a J urassic 
species distinguished by its narrower segments. A specimen from 
Bornholm referred by Moller^ to B. pulchella iQ probably, as Nathorst 
suggests, a piece of a B. spectahilis leaf. 

Baiera Sirmnondsi (Shirley). , 

The leaves described by Shirley^ as Ginkgo Simmondsi from 
Denmark Hill near Ipswich in Queensland, from rocks that are 
probably of Ehaetic age, are of the same type as the leaf on which 
Ratte^ founded his species JeanpauUa (i) palmata, which he after- 
wards transferred to Salisbufia, from the Wianammata beds (Trias) 
near Sydney. The precise age of the rich flora from Ipswich is 
difficult to determine : a recent examination of several specimens 
in the Brisbane collections led me to regard the plants as Rhaetic, 
but further light on this question will be afforded by Mr Walkom 
who is engaged in an investigation of the material. The Australian 
leaves agree closely with Fontaine’s Triassic species, Baiera multi- 
fida^, from Virginia: the plant-beds of the Richmond coalfield 
are correlated with the Lunz plant-beds in Austria^, the flora of 
which has never been adequately illustrated. The specimens from 
Virginia on which Fontaine founded his species do not afford any 
evidence of a true petiole and the basal portion of the cuneate 
lamina is narrower than in the Australian leaves : it is, therefore, 
not improbable that R. multifida is a distinct though very similar 
species. Ratte’s name R. palmata cannot be retained as Heer 
had previously employed the same name for a Jurassic Siberian 
form®: I have adopted Shirley’s designation in the belief that 
there are no differences of specific value between the Sydney and 
Ipswich specimens. 

The leaf reproduced in fig. 648 is Ratte’s type-specimen in the 
Australian Museum, Sydney: the whole leaf is nearly 30 cm. 

^ Heer (77) ii. p. 1 14, PL xx. fig. 3 c ; PL xxii. fig. 1 a ; PL xxviii. fig. 3. 

2 Bartholin (94) PL xi. fig. 5. ^ M^Uer (03) PL iv. fig. 19. 

^ Shiiiey (98) p. 12, PL ii. s Ratte (87) PL (88). 

^ Pontaine (83) B. p. 87, Pis. xlv.— XL vn. 

^ Berry (12). s Heer (77) ii. p. 115, PL xxviii. fig. 2 
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tong and 23 cm. in breadth ; there are nearly 60 ultimate linear 
segments with obtuse apices and, in the smaller subdivisions, 



Fig. 648. Bcdera Simmondsi. (Australian Museum, Sydney; n at. size.) 


3 — 5 veins. There is a well-defined petiole and in outline the 
whole leaf is identical with typical examples of Ginkgo biloba. 
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Fontaine speaks of the lamina of his species as reaching a length 
of 25 cm. : both in the method of division and in the form of the 
segments, B. muUiJida agrees closely with the specimen shown in 
fig. 648. A similar form of leaf is figured by Solms-Laubach^ 
from Ehaetic beds in Chile as Baieral Steinmanni, but the lamina 
only is preserved. Schenk’s B. taeniuta^ from the Ehaetic flora 
of Franconia is another similar type, 

Baiera stormhergensis Seward, 

The specimens described from the Stormberg series (Ehaetic) 
of South Africa^ are portions of leaves that must have reached a 
length of 12 cm. or more and a breadth of 10 cm. The lamina is 
deeply divided into broad linear segments which are further 
subdivided into narrower distal segments. In the lower part of 
the lamina the venation is comparatively coarse, but as the result 
of repeated dichotomy the veins are much more numerous in the 
upper portion. This species may be merely a larger form of 
FeistmantePs B. Schenhi^ from the same beds, in which the lobes 
are narrower as in B. longifolia Heer. B. stormhergensis resembles 
Nathorst’s B. spectahilis from the Ehaetic of Scania, but the 
segments of the South African leaves have a coarser venation. 

Baiera Muensteriana (Eresl), 

This Ehaetic species, originally figured by Presl as Sphaero- 
mccites Muensterianus and subsequently described by Braun as 
Baiera dichotoma, was named by Schenk Jeanpaulia Mnen- 
steriana. Schenk® examined Braun’s specimens from Franconia 
and identified the supposed sporocarps as* partially expanded 
segments of foliage-leaves. The leaves are petiolate and the fan- 
like lamina is deeply dissected into bifurcate linear segments ; 
the veins are numerous and dichotomously branched. The epi- 
dermal cells are elongate over the veins and elsewhere polygonal; 
their walls are straight or slightly sinuous*. The stomata are of 
the usual type met with in Ginkgoaceous plants. 

Baiera Muensteriana emnot he distinguished by any definite 
character from leaves that are referred to B. gracilis: in the 

^ Solms-Laubacli (99) PI. xiv. fig. 1. 

2 gchenk (67) A. p. 26, PL’ v. figs, 1—4 ; PL vi. figs. 1, 2. 

^ Seward (03) B. p. 64, PL vni. fig. 3. 

^ Peistmantel (89) p. 72, PL iii. ^ Schenk (67) A. p. 39, PL ix. 
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type-specimen of the latter species the segments are fewer than 
in B. Mmnsterianay hut in some Jurassic forms (e,g. fig. 651) 
this difference no longer holds good. This is only one among 
several instances where Ehaetic and Jurassic ‘species^ cannot Idc 
separated by any constant differentiating feature. B. Muenste- 
fiana is recorded also from Persia^ and several European localities, 
but it is impossible to determine its geographical range apart from 
that of Baiera gracilis. 

Baiera gracilis Bunbury ex Bean ms. 


The type-specimen of this species from the Middle Jurassic 
rocks of Yorkshire, as shown in fig. 649, is an impression of an 



Fig. 649. jBfwera Type- Bai&ra gracilis. {British Museum, 39208.) 

specimen of Bunbury (Bun- 
bury Collection, Botany 
School, Cambridge). 

imperfect leaf rvith a fan-shaped lamina deeply divided into forked 
linear segments® ; a better example is reproduced in fig. 650. Bean 

1 Schenk (87) B. PI. vin. fig. 44 ; Zeillei- (05) p. 194. 

“ Bunbury (51) A. p. 182, PI, xn. fig. 3. 
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referred this type to Sckizopteris but Bunb ary, while adopting 
Bean’s ms. specific name, substituted the generic designation 
Baiera. The leaves are petiolate and the lamina is divided almost 
or quite to the base into a varjdng number of linear segments 
yfith obtuse apices. The veins, frequently indistinct, run parallel 
to the edges of the lamina and there are several in each segment. 

Leaves identical with or very similar to Baiera gracilis are 
very widely distributed among Jurassic floras in both hemispheres. 
Some of the specimens described by authors as Ginhgo lepida are 
hardly distinguishable from Bunbury’s species ; G. concmna^ Heer 
from the Siberian Jurassic flora is another very similar form ; 
also Baiera incurvata Heer^ from the Lower Cretaceous of Green- 
land, B. angustiloba Heer^, as figured from Siberia and China, 
B, bidens (T eii.-Woods)^ from Queensland, B. amtfalis McCoy and 
B, delicatula Sew. from Jurassic rocks in Victoria ^ also leaves 
recently referred by Halle ^ to B. australis from the Lower Cretaceous 
plant-beds of Patagonia. Baiera gracilis is recorded from Upper 
Jurassic (or Lower Cretaceous) beds in Alaska'^, but leaves of this 



Fig. 651. Baiera gracilis forma Mucnsteriana. 
(British Museum, } nat. size.) M. S. 


type are rare in the Jurassic strata of North America. The 
Rhaetic species B. Muensieriam^Bx^sl) described by Schenk from 
Pranconia and by other autTiors is a closely allied type which 

1 Heer (77) ii. H. xm. figs. 6—8. ^ (82) B. PL xrii. fig. 6. 

3 Ih 'd. (78) ii. PL vii. fig. 2; Krassei (05) PL n. fig. 10 ; Schenk (88) A. PL ltil 

%. 1 . 

Tenison-Woods (88) A. PL iv. fig. 3. 

= Seward (042) B. dgs. 36—38. 6 Haile (13) Pig. iv., y. 

’ Fontaine in Ward (05) B. PI. xliy. fig. 2. . 8 Schenk (67) .4. PI. ix. 
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cannot always be distingnislied from B, gracilis. The example 
shown in fig. 651 from the Yorkshire coast has been named B. gm- 
cilis forma Muensteriana to denote its close resemblance to the 
Rhaetic species^. B. Giiilhaumali^ described by Zeiller fromRhaetic 
rocks in Tonkin is another similar form but the lea ves are narrower 
and the apices of the segments more obtuse. On the one hand 
Baiera gracilis approaches close to B. Bindley ana, a species charac- 
terised by still narrower segments, and on the other it shades 
into leaves agreeing with 

Baiera longifoUa (Pomel). 

PomeP described this Jurassic species as Dieropteris longifoUa 
and Heer substituted the generic name Baiera"^. The leaves re- 
semble those of B. Simmondsi in the division of the lamina into 
narrow linear segments 2 — 9 mm. in breadth, but the leaf is 
narrower and cuneate; the segments have obtuse apices. Heer 
describes the veins as parallel and simple, 3 — 7 in each segment. 
With this species Heer associates some male flowers similar to 
those shown in fig. 654, also some detached seeds, but in neither 
case is there any convincing evidence of coi|^exion. The Siberian 
species B. Gzehanowshiana^, recorded also by Moller from Bornholm, 
is probably not a distinct type, Thomas® records B, longifoUa 
from the Middle Jurassic series of Yorkshire and gives new facts 
with regard to the structure of the epidermal cells : one of his 
specimens of an incomplete lamina is 12 cm. long, the whole leaf 
being at least 18 cm. in length. The epidermal cells have a very 
thick cuticle; those on the lower surface are arranged in longi- 
tudinal rows and most of them have a prominent papilla;, on 
the lower face the* cells are more rounded or hexagonal and the 
stomata are much more numerous ; each pair of guard-cells is 
surrounded by a group of 5-— 6 subsidiary cells (fig. 647, C, 
D) as in Ginkgo. Krasser'" records this species from Jurassic rocks 

4- Seward (00) B. p. 264. ^ Zeiller (03) B. PI. l. figs. 10—19. 

^ Pomel (49) p. 9. 

^ Heer (77) ii. p. 52, PL vii. figs. 2, 3 ; PL vni.; PL ix. figs. 1—11; PL x. 
figs. 6, 7; PL XV. fig. 116. 

“ Ihid. -p. 56, PL X. figs. 1—5; PL vn. fig. 1; (82) B. PL iii. figs. 4—8; Moller 
(03) PL Y. fig. 3. 

« Thomas (13) p. 243, PL xxv. figs. 3, 4. 

7 Krasser (05) p. 18, PL i. fig. 16. 
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ill China but the photographic reproduction is unfortunately too 
obscure to afford any indication as to the nature of the specimen. 

Bakra PhiM 

This Jurassic species^ (fig. 652) illustrates the absence of any 
definite dividing line between Baeira and Ginhgoites; it agrees 
very closely with G. sibirica and 
with leaves assigned to G, lepida 
and other 'species.’ Fig. 652 is 
drawn from Phillips’ type-speci- 
men‘s which he named Sphenopteris 
longifolia and afterwards trans- 
ferred to Cydopteris; his specific 
name is not retained because Pomel 
adopted it for a type subsequently 
called by Heer Baiem longifolia^. 

Krasser records B. Pliillipsi from 
Jurassic strata in Sardinia^. This 
species shades into B. gracilis and 
the very similar B. McCoy, 

especially resembling some leaves 
included by Halle*^ in the latter 
species. 

Baiera Lindleyana (Schimper). 

Leaves of this type were first figured by Lindley and Hutton^ 
as Solenites'l furcata and transferred by Braun to Baiera. 
Schimper'^ subsequently substituted Jeanpaidia and proposed the 
specific name Lindleyana on the ground that Heer had employed 
the designation furcata for a Ehaetic species of Baiera. Saporta 
included this species in Trichopitys. Baihra Lindleyana is 
characterised by the deep dissection of the lamina into very 
narrow, 'filifoiih, segments and by the presence of a long and 
slender petiole (fig. 653). Some forms of this type with rather 
broader segments are hardly distinguishable horn Baiera gfacUis. 

1 Nathorst (80) A. p. 76. ^ Pi^jlppg ^75^ 

3 Seward (00) B. p. 270. . ^ Krasser (13) p. 5. 

5 Halle (13) Pis iv-tv. 

6 Lindley and Hntton (37) A. PI. 209. ^ Schimper (69) A. p. 683. 
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In a former account of this species^ I included the specimen repro- 
duced in fig. 661 (p. 66), also a similar specimen figured by Phillips^ 
as a distinct type, Baiera ynicfo- 
phylla. The examination of addi- 
tional material collected from the 
Yorkshire coast by Mr Hamshaw 
Thomas leads me to substitute 
Gzekanowskia for Baiera as the 
more appropriate name for the 
bunch of leaves represented in fig. 

661 which is in all probability 
identical with B. micro fhylla as 
figured by Phillips. In the case of 
incornplete leaves it is by no means 
easy to distinguish B. Lindleyana 
from Czekanowskia micro'phylla ; but 
in the latter the branches of the 
lamina are separated by a smaller 
angle and if cuticular preparations 
are available the stomata afford a 
means of differentiation: in Baiera 
the guard-cells are surrounded by Fig. 653. Baiera Lindleyana. 
a circular group of cells, while in Museum ; A, 39208; B, 

Czekanowskia the subsidiary cells 
are longer and narrower, forming a more oblong group. 

Baiera Lindleyana is recorded also from Middle Jurassic rocks 
in Chinese^ Dzungaria and from Upper Jurassic rocks in Scotland^. 
Some specimens described by Fontaine^ from the Black Hills 
(Lower Cretaceous) as Czekanowskia nervosa are, as Berry® 
points out, probably leaves of a Baiera^ and I am disposed to refer 
them to B. Lindleyana. 

Baiera Brauniana (Jlnnkei). - 

This species'^, represented by leaves from Wealden and Upper 
Jurassic rocks, agrees in the form and dissection of the lamina 

1 Seward (00) B. p. 266, fig. 46 (p. 268). 

2 Phillips (75) A. p. 200, fig. 9. ^ Seward (11) Pi. iv. fig. 44. 

4 Seward (IP) PL Y. fig. 105. 

5 Fontaine in Ward (99) B. p. 685, PI. 169, figs. 1, 2. 

Berry (11) p. 374. Bunker (46) A. p. 11, PI. v. fig. 4. 

' 4 



s. IV 



50 


GINKGOALES 


[CH. 

with B., gmcilis hvit is distinguished by the smaller dimensions. 
The imperfect example shown in fig. 641, B from the Kimeridge 
beds of Sutherland (Scotland) ^ illustrates the unsatisfactory char- 
acters on which specific distinctions are drawn in the case of 
Baiem leaves agreeing in habit with jB. gmcilis. Better examples 
are figured by Schenk^ from the Wealden of North Germany. 

Baiera spetshergensis Nathorst. 

® . 

This species, one of the smallest representatives of the genus, 
is described by Nathorst^ from Upper Jurassic rocks of Spitz- 
bergen; it is characterised by the very xiarrow but apparently 
cylindrical segments and, except in its smaller size, resembles 
B. Lindleyam. 

iii. Floweus and Seeds. 

Our knowledge of seeds assigned to Mesozoic and Tertiary 
representatives of Ginkgo or, to Baiera is limited to casts and 
impressions of detached examples: no reproductive organs have 
been discovered either in a petrified state or in connexion with a 
foliar shoot. Reference has already been made to some small 
Ginkgo-YA^ seeds from the Eocene beds of Sheppey described by 
Gardner as eocenica. Many similar seeds are figured by 

Heer from Jurassic strata in Siberia and elsewhere, in most cases 
as detached seeds but in a few instances borne singly or in pairs 
on an axis resembling the peduncle of Ginkgo biloba^. Heer’s 
seeds are correlated with G. digitata, G. sihinca and other species 
but only on evidence afforded by association with leaves; they 
are preserved as oval nuts, sometimes enclosed in a carbonaceous 
envelope possibly representing an outer flesh, and resemble Ginkgo 
seeds in shape though they differ from them in their smaller 
size (8—9 mm. long and 6 — 8 mm. in diameter): in some of the 
Jurassic specimens the nuts have an apical beak. All that can 
be said is that seeds similar except in their smaller size to those 
of the recent species are not infrequently found in association 
with different species of Ginkgoifes. 

^ Seward (11-) p. 680. 

2 Schenk (71) B, p. 224, PI. in. figs. 9—14. 

2 Nathorst (97) p. 53, PI. m. figs. 6— 12. 

^ Heer (82) il A. p. 16, Pk iv , V; (77) ii. p. 57, PL xi. 
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It has been suggested that the seed-hearing shoots/ which 
Carruthers named from Jurassic beds on the Yorkshire 

coast may have belonged to a member of the Ginkgoales, but it is 
at least equally probable that Beania is Cycadean and possibly 
the seed-bearing axis of Nilssonia. The genus is described in 
Ch. xxxviii^. It is possible that specimens from Cretaceous and 
Jurassic rocks regarded by Heer as male flowers of GmJcgoites 
sibirica and other species, also specimens described by him as 
Antholithus Sckmidtianus^, may be fertile shoots, which bore 
seeds and not microsporangia, belonging to Ginkgo ites or some 
other member of the Ginkgoales : the nature of these fossils is, 
however, uncertain and they are described under the generic 
name Stenorachis. 

a. Male Flowers. 

As with seeds so also with regard to the microsporophylls 
our information is scanty and indecisive. Nathorst^ first suggested 
that some small carbonised bodies from Yorkshire Jurassic beds 
figured by Phillips^ as ‘unknown leaves’ are probably fragments 
of 'male flowers of some species of Ginhgoites. The specimen of 
which Phillips figured a small portion is shown in fig. 654, B ; it 
consists of a slender axis with several short and partially broken 
lateral branches bearing terminal groups of oblong bodies 4 mm. 
long and 1 mm. wide, 2 — 4 in each group : these suggest comparison 
with pollen-sacs with longitudinal dehiscence, and the habit of the 
whole fertile shoot agrees with that of a male flow^er of Ginkgo 
hiloba. In the recent species the microsporangia are only about 
2 mm. long, but in the occurrence of two to four microsporangia 
on a single microsporophyll the resemblance bet-w’-een the fossil 
and recent form is fairly close^. Unfortunately it has not been 
possible to make any preparations of the cuticularised remains 
showing microspores, and while the probability is that the oblong 
bodies are microsporangia it is not impossible that they are small 
seeds. A collection of identical bodies showing what appears to 
be a median line of dehiscence is illustrated in Part I of The J urassic 
Flora of Yorkshire^. A larger specimen is showm in fig. 654, A; 

i Vol. ni. p. 502. 2 Heer (82) A. p. 21, PL ix. 

3 Nathorst (80) A. p. 75. ^ Phillips (29) A.; (75) A. PL vii. fig. 23, 

3 See page 5. ^ Seward (00) B. p. 260, fig. 45. 
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tlie axis is 2-3 cm. long and some microsporangia are seen in their 
original position, while others are detached^. It is hy no means 
unlikely that these specimens are portions of male flowers of 
Ginkgoites digitata or of some other species, but this cannot be 
definitely settled until better material is available. Some Ehaetic 
fossils described by Nathorst^ as AntJioliihus Zeilleri present a 
certain resemblance to these supposed male flowers. One of 



Fia. 654. Antholiihiis (Sedgwick Museum, Fia. 655. Antholitkus ZeillerL 

Cambridge; A, ccz. x IJ; BjCa. X 2.) A, drawn (After ISfathorst; x2f.) 

by M. Seward; B, drawn by L. B. Sayers. 


Nathorst’s specimens from Scania is reproduced in fig. 655 twice 
natural size; the photograph/ for which I am indebted to Prof. 
Nathorst who published it in 1908, shows a cuticular preparation 
of the axis and microsporangia. The axis ot AnthoUthus is 
dichotomously branched and bears terminal clusters of micros 
sporangia about 3*5 mm, long, usually eight in a cluster ; several of 
them have dehisced longitudinally and the apices show a slight 
separation of the two halves. In some of the sporangia Nathorst 
found microspores with an average le.ngth of 40 — 43 /x agreeing 
closely with, the spores oi Ginkgo and recent Gycads. Nathorst 
considered that AnthoUthus Zeillen may be a male flower of some 
Ginkgoaceous plant though a correlation with a Cycadean type is 
by no means excluded. There is, however, a general resemblance 
between the English Jurassic specimens shown in fig. 654 and the 
Ehaetic species ; the latter is distinguished by a greater tendency 

^ Seward and Gowan (00) B. PI. IX. %. 28. 

2 Nathorst (08) p. 20, PI. IV. 
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towards a dicliotomoiis habit of the axis, and in the Jurassic 
specimen we have no proof as to the nature of the ' microsporangia.’ 

Arguments have recently been brought forward^ in favour of 
regarding Zei&n as the male organ of the plant 

which bore the fronds known as Lepidopteris Ottoms (Gopp.), 
originally described by Goeppert as Alethopteris Ottonis and made 
by Schimper the type of a new genus Lepidopteris, Various 
statements have been made by authors with regard to the occur- 
rence of sori on this interesting Ehaetic species, but Antevs 
believes that the evidence hitherto adduced in favour of a 
fern-like type of fructification is untrustworthy. It is now sug- 
gested that these Rhaetic compound fronds with thick linear 
pinnules belong to some seed-bearing plant and that AnthoUtJius 
Zeilleri represents the microspore-bearing organ: there is no 
proof of connexion, but there is a very close resemblance in the 
epidermal characters of Lepidopteris and Antholithus and the 
latter is only found in beds containing the fronds. Nathorst 
called attention to resemblances between the cuticle of Antholithus 
and that of Baiera leaves, but according to the later investigations 
of Antevs, with which it would appear that Nathorst is in sympathy, 
there is a closer correspondence as regards cuticular structure with 
Lepidopteris, 

Fossils regarded by Nathorst as closely allied to his species are 
described by Leuthardt^ from the Keuper of Basel as male flowers 
of Baiera furcata Heer; these appear to be almost identical with 
the English Jurassic specimens; the specimens reproduced by 
Leuthardt consist of long axes — ^in one of those shown on his 
plate the axis is 4 cm. long — with short lateral branches bearing 
terminal groups of three or four microsporangia 4 — 5 mm. long 
and 1*5 — 2 mm. broad very similar to those shown in figs. 654, 655. 

A comparison may also be made with Schenk’s Stachyopitys 
Preslii^ from the Rhaetic of Franconia which he subsequently 
regarded as the male flower of Baiera Muensteriana Heer, a com- 
parison previously made by Heer^. This type consists of an axis 
bearing short lateral appendages terminating in oval bodies opening 

^ Antevs (14). ^ Leuthardt (03) p. 9, PI. in. 

® Schenk (67) A. p. 185, PL XLiv. figs. 9— 12. 

^ Heer (77) ii. p. 52; Schenk (90) A. p- 261, 
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at matmity into 10— -12 spreading lobes each, of which resembles 
in appearance a niicrosporanginm of Antholithus Zeilleri No 
spores have been isolated and, as Nathorst points out, the agree- 
ment with the Seanian specimens is to a large extent superficial. 

The Australian specimens, probably of Rhaetic age, described 
by Shirley^ from Ipswich, Queensland, as Stachyopitys annularioides 
and S, Simmondsi require further investigation ; they may be 
allied to Stachyopitys PresUi Seh., though neither their morpho- 
logical nature nor systematic position can be settled without fresh 
data. Halle^ describes some examples of a similar kind from the 
Jurassic beds of Graham Land Stachyopitys, cf. annularioides 
Shir, and thinks it probable that they are portions of some Gymno- 
spermoiis male strobilus, but, as he points out, the absence of any 
member of the Ginkgoales in these southern beds is noteworthy. 
Specimens similar to those described by Schenk, Shirley, and Halle 
are also figured from Rhaetic beds in South America as Sphenolepis 
rhaetica^ and from the Stormberg (Rhaetic) series of South Africa 
SLB Stachyopitys Big. ^ 

The generic name Ginkgoanthus has been adopted by Nathorst^ 
for a fragmentary specimen from the Upper Jurassic of Franz 
Josef Land which he considers may be a male flower of a Ginh- 
goites ; but the preservation is too imperfect to admit of satis- 
factory determination. As regards terminology, in the present 
state of our knowledge it is preferable to use the non-committal 
designation Antholithus^ for the English, Seanian, Swiss, and 
Franz » Josef Land fossils, leaving Schenk’s Stachyopitys PresUi as 
a type apart. As regards the English and Swiss specimens, the 
probability would seem to be that they are the microstrobili of 
some members of the Ginkgoales. 

STENORACHIS. 

This generic name^ was first used by Saporta® for Nathorst’s 
Zamiostrobus scanicus from Rhaetic and Liassic rocks in Scania^ 

^ Shirley (98) p. 13, PI. xvni. ^ jjalle (13) p. 88, PI. vi, %. 13. 

3 Geinitz (76) B. p. 12, PI. n. Seward (03) B. p. 66, PL ix, fig, 2. 

® Xatliorst (99) p. 13, PL i. figs, 33, 49. . 

^ Used by Nathorst in Linnaeus’s and not Brongniart’s sense; Nathorst (08 

P« ^3. ^ 

® Saporta (75) A. PL cxvn. ; (79) A. p. 193. , 

» Nathorst (75); (97) p. 20; (02) PL I. pp, 16, 17. 
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and for a Liassic species from Belgium, jS. Ponceleii. Nathorst 
subsequently adopted Saporta’s genus. I have elsewhere suggested^ 
the application oi StenomcMs to various species described by Heer 
from Jurassic and Cretaceous beds as male flowers of Ginkgoaceae. 
Althougb there is no proof as to the morphological nature of the 
specimens included in this genus some of them, e.g. S, seanims,. 
present the appearance of seed-bearing shoots though, as Nathorst 
is careful to point out, the seeddike bodies may not be true seeds. 
I am inclined to regard Heer’s supposed male flowers^ (fig. 6b7) as 
possibly fertile shoots of some members of the Clinkgoales which 
originally bore seeds, but this view is merely tentative. Stenorachis 
is employed as a designation for specimens consisting of a central 
axis, generally fairly stout, bearing lateral appendages, whether 
axial or foliar cannot be definitely determined, either simple or 
forked and in some cases with terminal seed-like bodies but usually 
with a small distal swelling or a few spreading lobes as in >§. 
Schmidtianus (Heer)^. Some at least of the specimens included 
in this genus probably belong to Ginkgoaceous plants, though 
in regard to others, e.g. S, scanims, it should be remembered that 
Nathorst inclines towards a Cycadean affinity. The genus Beania 
was founded on specimens similar in general habit to species of 
Stenorachis but in Beania the appendages have a comparatively 
large terminal shield bearing on its adaxial side two seeds. 

Stenorachis scanicus (Nathorst). 

The type-specimen, first described in 1875 as Zamiostrohns 
scanicus^ and afterwards transferred to Stenorachis, is represented 
by a comparatively slender axis 10 cm. long bearing, at a wide 
angle, several lateral appendages, spoken of by Nathorst as 
sporophylls ; these are split into two divergent arms each of which 
bears on the side away from the fork an oval, longitudinally 
striated, body described as thick and woody (fig. 656). The 
nature of these bodies is uncertain and Nathorst is inclined to 
think they are not seeds ; he suggests as an alternative interpre- 
tation that they are laminar structures in which microsporangia 
are embedded. The morphology of this Ehaetic and Liassic 

1 Seward (12) p, 23. 

2 Heer (77) ii. PI. xi. ; (78) ii. PL vi, fig. 8; (82) ii. A. pp. 18, 21, Pis. vi., ix. 

3 Heer (82) ii. A. p. 21. t Nathorst (75). 
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species referred by Nathorst to the Cycadophytai is, therefore, 
uncertain. It is by no means certain that it has not an equal 
claim to inclusion in the Ginkgoales; there are no substantial 



Ftci. 656. StenoracMs scanimis. (After Nathorst; A, nat. size; B, x2.) 

grounds for such relationship, but the resemblance of this and 
other species of Stenorachis to abnormal seed-bearing shoots of 
Ginkgo hiloba may be significant (cf. fig. 631, D, p. 5). 

A similar but rather smaller type was described by Heer^ 
from Upper Jurassic rocks in Spitzbergen as CarpoUthes striolatus. 
Nathorst^ examined Heer’s figured specimens and recognised one 
of them as an example of StenomGhis, agreeing in the possession 
of forked appendages with S, scanicus and bearing seed-like bodies. 

The fossils described by Shirley^ from Rhaetic(?) beds in 
Queensland as Beania gemdnata are similar in habit to Stenorachis 
scanicus and differ from Beania gracilis Carr, in the absence of 
distally expanded sporophylls. 

Another Rhaetic species is described by JsTathorst^ as Stenorachis 
Sohmi in which the 'sporophylls’ have a different form and are 
characterised by a distal, erect, laminar expansion deeply divided 
into two segments: no seeds or microsporangia have been found. 

Stenorachis lepida (Heer). 

The species for which this name has been suggested was originally 
regarded by Heer as the male flower of the Jurassic species Ginkgo 

1 Natliorst (02) p. 16. 

2 Heer (77) i p. 47, PI. m fig. 17. » Nathorst (97) p. 20, Pi i. fig. 15. 

« Shirley (98) p. 16, Pi xx. « Nathorst (02) p. 17, Pi i. figs. 18—21. 
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lepida {== Ginkgoites sibiriea) and described hj Mm under that 
name\ Similar specimens are correlated by Heer with other 
species of Ginkgo leaves, and Ginkgo grandifloTo^ Heer is repre- 
sented by supposed male flowers only. Similar though rather 
larger examples are described by Heer from Jurassic beds in 
Siberia as Antholithus Schmidtianus^ s,nd regarded as male flowers 
of some member of the Ginkgoales, possibly Phoenicopsis ; what- 
ever the parent-plant may have been it is clearly a type closely 
allied to those he refers to diflerent species of Ginkgo. Fig. 657, B 



(A, B, nat. size.) 


shows a specimen of Stenomchis lepula from Jurassic beds in 
Afghanistan^ which is undoubtedly of the same type as Heer’s 
European examples. One of Heer’s specimens from the Jurassic 
beds of Amurland^ is shown in fig. 657, A: a curved and fairly 
stout axis bears numerous, spirall 7 disposed, appendages with 
slightly expanded ends which in a few cases are more or less 
definitely bilobed. No remains of seeds or microsporangia are 
preserved, but the swollen ends of the appendages suggest the 
former presence of some reproductive organs : some of the ap- 
pendages are bilobed as in the Afghan example. 

Heer states that some of his specimens bear 2— 3 pollen- sacs 
at the tips of the appendages, but the published figures aflord no 

1 Heer (77) ii. PL XI. ^ Heer (82) A. p. 18, PI. vi. figs. 1—6. 

® Ihid. p. 21, PL IX. ^ Seward (12) p. 23, PL iv. fig. 52. 

5 Seward (12^) p. 28, PL i. fig. 8. 
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confirmation of tliis and an examination of some of Heer’s material 
lent to me throngii the kind offices of Dr Zalessky failed to reveal 
any indication of spores or sporangia. In Heer’s Aniholithus 
Schmidtiamis the lateral appendages are said to bear 3 — 4 pollen- 
sacs ill a terminal whorl, but Heer also suggested the possibility 
that these bodies are the segments of a calyx-like envelope, a more 
probable interpretation. It may be that the terminal bodies are 
homologous with the slightly expanded distal ends of the append- 
ages in S. lejnda and possibly with the collar at the base of the 
ovules of GinJcgo hiloba^ which in the case of 8, Schmidtiamis has 
the form of a lobed cupular organ which enclosed a seed. It is 
noteworthy that Heer’s figures show a central scar surrounded by 
the spreading lobes. 

The incomplete Jurassic specimens from Victoria (Australia)^ 
described as possibly parts of a female shoot of a Ginkgoaceous 
plant resemble Stenorachis lepida and should be referred to the 
same genus. 

A specimen like those represented in fig. 657 has been figured 
by Krystofovic^ from Jurassic rocks in TJssuriland as Ginkgo sp. 
An imperfect fossil described from Jurassic beds in Australia as 
possibly a seed-bearing shoot of a Ginkgoaceous plant^ should be 
included in Stenorachis, as also Racibor ski’s Ixostrohus Siemirad- 
zkii^ from Rhaetic beds of Poland. 

In no case have we any decisive evidence with regard to the 
parentage or morphological nature of the specimens referred to 
Stenorachis, hvit any material that may represent fertile shoots 
belonging to Ginkgoales or Cycadophyta should be described in 
the hope that additional facts may be obtained. 

ERETMOPHYLLUM. Thomas. 

A genus founded^ on some well-preserved leaves from the 
Middle Estuarine (Middle Jurassic) beds of Gristhorpe Bay on the 
Yorkshire coast, and named Eretmophyllum from the paddle-like 
form of the lamina®. Leaves oblanceolate to linear reaching a 
length of 12 cm. and a breadth of 2 cm. ; in the type-species, 

^ Seward (04^) B. p, 179, figs. 39, 40. > 

2 Krystofovic (10) PI. ni. fig. 5. * Seward (042) B. pp ^ix, 

^ Raciborski (92) PI. II. figs. 5-— 8. 

Thomas (13).^ ^ ® a paddle. 
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E. puhescens Thom., the leaf is from 7 to 10 cm. long and 1—3 cm. 
broad ; the apex is rounded or refuse (fig. 658, B), the base tapering 
gradually towards the petiole. Veins 1—1-5 mm. apart, dicho- 
tomously branched in the proximal part of the lamina and usually 
parallel and simple except where they converge at the apex. The 
epidermal cells (preserved in the Yorkshire species) are polygonal, 
with or without papillae (fig. 658, D) ; the stomata are characterised 
by an enclosing group of subsidiary cells as in Ginkgo. 

Efetmophyllum puhescens Thomas. 


Secretory tracts occur between the veins of the smooth lamina 
(fig. 658, C) like those in the leaves 
of Ginkgo. The polygonal cells with 
straight or slightly undulate walls 
are characterised by papillae (fig. 

668, D), one on each cell: these 
are particularly conspicuous on the 
lower epidermis to which the sto- 
mata are confined ; the slightly 
depressed stomata are in regular 
rows and the guard-cells are sur- 
rounded by 4 — 7 subsidiary cells. 

In another species, E. whithiense 
from Whitby, the surface of the 
lamina, which maybe 7 cm. long and 
1-2 cm. broad and slightly falcate, 
is rough, and between the veins 
are strands of elongated cells, pos- 
sibly denoting the presence of hypo- 
dermal stereome. Stomata occur 
on both surfaces and the papillae 
are confined to the subsidiary cells. 

A leaf figured by Ettingshausen^ 
from Wealden rocks as Cychptens 
sguamata, which Schenk^ suggests may be a segment of a Ginh 
goites, should probably be included in ErepnophyUmn. 



Fig. 658. A, Eretmophyllum saigha- 
neme. B- — D, E. pubescens. D, 
epidermal cells. (A, after Seward ; 
B — D, after Thomas.) 


^ Ettingshansen (52) PI. iv. fig# 1. 
2 Schenk (71) B. p. 213. 
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Efetmo'phylkmi (Seward). 

TMs species (fig. 658, A), originally referred with some misgiving 
to Poclozamites^ and compared with Yokoyama’s Ginlcgodium, is 
from Jurassic beds in Afghanistan. There can be little or no 
doubt as to its generic identity with the Yorkshire leaves. The 
broadly linear lamina tapers gradually to a slender petiole and the 
veins, 1 mm. apart, are simple except at the proximal end. 

Mr Thomas is certainly justified in his opinion that Eretmo- 
pliylhm is a member of the Ginkgoales. In shape the leaves 
Ginl^godium and differ but little from some Jurassic 
specimens T*ef erred to Ginkgoites, They agree in venation, in the 
presence of short secretory tracts, in the structure of the epidermal 
cells and stomata with Ginkgo and species oi Ginkgoites. Eretmo- 
fhyllmi is distinguished from Feildenia by its larger leaves, a 
coarser venation, and a more definite petiole. Some leaves 
figured by Fontaine^ from Jurassic-Cretaceous rocks of Alaska 
SiB Nageiopsis longifoUa? Font, have little claim to be included in 
that genus® and may perhaps be allied to Eretmophyllum. 

^ Seward (12) p. 35, PI. iv. fig. 53. 

2 Fontaine in Ward (05) B. PI. xlv. figs. 1 — 5. 

® Berry (10) p. 190. 



CHAPTER XLI. 


OENIRA BELIEVED TO BELONG TO THE GINKGOALES BUT 
WHICH ON THE AVAILABLE EVIDENCE CANNOT BE RE- 
EERRED WITHOUT HESITATION TO THAT GROUP. 

GINKGODIUM. Yokoyama. 

Yokoyama^ defined the genus as follows : ^Leaf coriaceous, 
entire or lobed, gradually narrowed towards the base which is 
thickened at its margin and gradually passes into a short petiole; 
veins numerous, simple, parallel; interstitial veins very fine.’ 
He draws attention to the thickening of the lower margin of the 
lamina, a feature reminiscent of Ginkgo and to the course of the 
veins which run parallel to the median axis of the lamina instead 
of spreading from the base as in Ginhgoites and Baiera. Gink- 
godium resembles the Palaeozoic genus Whittleseya in the position 
of the veins but the genera are unlikely to be confused; a com- 
parison may also be made with the Jurassic gmus Efet7nophgUum 
(fig. 658) which has longer and narrower leaves with a coarser 
venation. We have no information with regard to the ciiticular 
structure, the nature of the supporting axes or reproductive organs. 
The supposed affinity to Ginkgo rests therefore on leaf-form alone, 

Ginkgodium Nathorsti Yokoyama. 

The type-species was founded on specimens from strata in 
Japan assigned by Yokoyama^ to the Middle Jurassic series, but 
the flora suggests a somewhat higher horizon in the Jurassic 
system. Some of the leaves are entire, obovate, and have a 
truncate distal end ; others are cuneate and broader at the apex 
which may be lobed, while in some forms the leaf is divided by a 

^ Yokoyama (89) B. p. 56. 

» ^ Ibid. p. 57, Pis. n., m., vin., ix., xn. 
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deep median sinus into divergent obtuse segments (fig. 659). One 
leaf is described as 6-6 cm. long, 2*1 cm. broad with thirty veins 
and an interstitial 'vein’ between 
each pair : the interstitial ‘ vein ’ 
is due to the presence of an inter- 
costal stereome strand. Thomas^ 
records this species from the 
Bathonian series of Kamenka 
in the south of Eussia (fig. 659, 

B). The specimens from Alaska 
named by GinJcgodium ? 

alasJcense agree more closely with 
Ginkgoites. 

CZEKANOWSKIA. Heer. 

Heer® gave this name (after 'Fia, Q59. GinJcgodium, Nathorsti. (Nat. 
Czekanowski who discovered the Yokoyama ; B. after 

specimens) to fascicules of long 

and narrow, filiform, leaves with a simple or occasionally 
forked lamina borne on a short supporting axis covered with 
broader and shorter scale-leaves. The deciduous fascicules or 
dwarf-shoots are similar to those oi Phoenicopsis, Bunches 
of CzekanowsMa leaves with their short scale-covered supporting 
axes resemble the dwarf-shoots of Pines^.^ Heer assigned to this 
genus some seeds associated with the leaves, also what he believed 
to be a male flower^, an example of a reproductive shoot of the 
type described on page 57 8i.b Stenomchls. There is, however, 
no conclusive evidence as to the nature of the reproductive organs. 
The venation is seldom shown on the carbonised laminae; some 
leaves are finely striated while on others there may be one or two 
narrow ridges that represent veins, but as a rule the impressions 
afiord no indication of the venation. C zekanowskia wSbB pla^ced 
by the author of the genus in the Ginkgoales, the short shoots 
being compared with those oi Ginkgo though, except in the larger 
number of the leaves, they closely resemble the foliar spurs of 

^ Thomas (11) p. 75, PL IV. figs. 9— 11; PI. vni. fig. 3. 

2 Fontaine in Ward (05) B. p. 168, PI. xliv. figs. 3, 4. 

3 Heer (77) il p. 65. ^ Ot Pinus flexiUs ; Bot. Mag. Tab. 8467. 

'Heer (82)ii. , PL wi. fig. '7. ■ /■ L'y/. 





XLl] 


CZEKAKOWSKIA 


63 


Pines. The dichotomous branching of the lamina in some forms 
is another feature in which Gzehanowshia te&emhlQB Bai&m and 
Ginkgo, 2, resemblance which derives a certain significance from 
the occurrence of stomata of the Ginkgoaceous type. Nathorst^ 
has described the cuticular membranes of the superficial layers: 
the epidermal cells have straight walls and the stomata, more 
numerous on the lower surface, are accompanied by four or five 
subsidiary cells: these do not form a circular group as in Baiem 
and Ginkgoites, but, as the result of elongation in the direction of 
the long axis of the leaf, the group is relatively long and narrow. 
Cuticular preparations can often be made from the well-preserved 
leaves that occur in great abundance in the shales of Gristhorpe 
Bay and elsewhere on the Yorkshire coast and some particularly 
good examples were collected by Prof. Obrutschew from Jurassic 
rocks in the Djair Mountains in Chinese Dzungaria^ ; these occur 
with carbonised remains of Ginkgoites leaves in papery masses 
similar in the manner of preservation to the Palaeozoic paper 
coal from Eussia^. The epidermal cells of the Dzungaria 
anowskia, possibly identical with C. rigida but too incomplete to be 
determined with certainty, have straight walls and are relatively 
long; the stomata are scattered and appear as dark patches, their 
darker colour being due to the thick cuticles of the two or three 
flanking cells on the sides of the stoma ; the epidermal features are 
similar to those described by Nathorst®, but in the Rhaetic specimens 
from Scania the heavily cuticularised accessory cells are generally 
more numerous. 

It has been suggested by Jefirey® that Czekanotmhia may be 
Araucarian in its affinities, but this opinion rests on the slender 
evidence of association of Czekanowskia-like leaves in Middle 
Cretaceous rocks with a stem described as Araucanopitgs m 
named because of the association of Araucarian and Abietineous 
features. Such evidence of affinity as we have would seem to be 
in favour of relationship with and Ginkgo though decisive 

data are not as yet available. The genus is very widely spread in 

Nattorst (06) ,* see also Seward (00) B. p. 278. " 

2 Seward (00) B. p. 278, %. 48. » Seward (11) p. 49, Pis. iv., v., yl, vir. 

^ Vol. I. p. 68. ® ISTathorst (06). 

Jeifrey (07); Hoilick and Jeffrey (09) B, p. 63, PL yi. figs. 1 — 3. 
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Jurassic floras and a few examples are recorded from Cretaceous 
strata. 

CzeMnowshia Murrayam (Lindley and Hutton). 


On the specimen shown in fig. 660 / A Lindley and Hutton^ 
founded the species Solenites Murrayana which they compared 



Fig. 660. A, B, CzeJcanoivskia Murrayana. A, The type-siiecimen of Solenites 
Murrayana, Lind, and Hutt., from the Middle Jurassic jilant-beds of York- 
shire. (British Museum, no. 3685. no. V. 3684.) 


with !soetes and Pilularia. The type-specimen is from the Middle 
Jurassic plant-bed at Gristhorpe Bay on the Yorkshire coast. 
They describe the narrow leaves as converging to a common 

^ Lindley and Hutton (34) A. PI. cxxi.. 
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point, but the actual axis is not preserved ; tbe lamina is longi- 
tiidiiially striated but no veins are shown either on the carbonised 
lamina or in the magnified cuticle figured in the original description. 
In the specimen reproduced in fig. 660, B the leaves axe seen to 
be attached to a short and relatively broad axis covered with 
scale-leaves, one of which is shown bent over on one side of the 
dwarf-shoot. The comparatively large size and the pendulous 
position of the scales are characteristic features of the genus which 
are well seen in figures of Ozekanowshia published by Nathorst^. 
This species was included by Saporta in Jeanpaulia and later 
transferred to Trichopitys, while Zigno^ and some other authors 
regarded Solenites Miirmyami as a species of Isoetes. The com- 
parison with Isoetes suggested by the form of the leaves is not 
borne out by the structure of the epidermal cells. Phillips^ 
figured a specimen in 1829 as Flabellaria? viminea: this specific 
name though employed before the publication of Murrayam has 
not been adopted by authors. Some of the specimens included 
by Heer in his account of the species (7. rigida should be referred 
to 0. Murmyana, but in a previous description^ of the species 
I went too far in uniting 0, Miirrayana and C. rigida. In Czeha- 
nowshia Murmyana the leaves, usually about 1 mm. broad but 
sometimes narrower, reach a length of more than 17 cm.; they 
are unbranched and in this respect and in their slightly greater 
breadth differ from C. rigida. 

The species is characteristic of Middle Jurassic floras. 

Ozekanowshia microphylla (Phillips). 

The specimen figured by Phillips^ from the Yorkshire coast 
QjS Baiera inicrophylla is undoubtedly identical specifically with 
that reproduced in fig. 661, and both were formerly included in 
:Baiera Bindley ana^. The chief reasons for transferring them to 
Ozekanowshia the more acute angle of divergence of the filiform 
segments, the difference in the shape of the leaves, the absence 
of a petiole, and the occurrence of the leaves in a fascicle, a habit 
not shown by any typical examples of B. though not 

^ Nathorst (06) PL ii. , 

“ Zigno (56) A. p. 216. For other ref erencesj see Seward (00) B. p. 280. 

3 Phillips (29) A. PL x. fig. 12. B. p. 279. 

3 Phillips (75) A. p. 200, fig. 9. ® Seward (00) B. p. 266, 


s, IV 


5 
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unkno wn in tlie genus {e.g. B, paiicipartita). Some specimens which 
may be identical with this type were obtained several years ago 
by Dr Fathorst from Yorkshire 
but never fully described: an 
examination of his unpublished 
drawings and of sj)ecimens col- 
lected by Mr Hamshaw Thomas 
convinced me that some forms 
of Gzelcanoivshia are more freely 
branched and exhibit more varia- 
tion in the breadth of the lamina 
than I had formerly supposed. 

In specimens of the type first 
noticed by Nathorst some of the 
segments are comparatively broad 
and fern-like^ a feature that is 
not seen in the leaves shown in 
fig. 661 . This species aSords a 
striking contrast to CzeJcanowsJcia 
Murrayam in which the long 
leaves are unbranchecl, and as 
Nathorst^ suggests the name 

Solenites might be revived for the unbranched type ; but in the 
absence of any difference in the epidermal characters, it would 
seem undesirable to raise to generic rank a feature depending on 
the simple or branched habit of the leaves of otherwise similar 
leaf-fascicles. 

CzekanO'ivsJda rigida Heer. 

This species, founded on specimens from Siberian Jurassic 
rocks^, is characterised by its branched filiform leaves borne on 
short shoots enclosed b}^ scale-leaves, triangular or lanceolate in 
form and in some specimens pendulous on slender stalks. Nathorst^ 
states that the epidermal structure of the scale-leaves is similar 
to that of the scale-leaves on short shoots of The 

characters of the stomata are mentioned in the account of the 

^ Nathorst (06) p. 11. 

2 mer (77) ii. p. 70 ; (78) ii p. 7; (82) A. p. 19. 

® Nathorst (06). 


Fig. 661. Czekanowskia microphylla 
(Phillips). (British Museum No. 39, 
283; nat. size.) 
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genus. The leaves are generally slightly narrower than the 
imbranched needles of C, Murrayana, but the habit of the dwarf- 
shoots is the same. The leaves often show fine stria tions; in 
most specimens there is no indication of clearly marked veins 
though tW'O or three vascular strands are sometimes visible. 
Heer on very slender evidence refers to this species some seeds 
and a 'male flower.’ 

It is not always easy to distinguish bet^veen imperfect examples 
of 0 . figida and Baiera Lindleyana : the leaves of the latter type 
are petiolate and the segments diverge at a wider angle. Two 
leaves with spreading bifurcate segments figured by Fontaine^ 
from Lower Cretaceous rocks in the Black Hills as Czehanowshia 
mnma Heer afford no indication that they were borne in clusters 
on dwarf-shoots but resemble the petiolate leaves of Baiera 
Lindleyana. Berry ^ points out a similarity between Fontaine’s 
fossils and Baiera foliosa Font. Heer’s type-specimens of C. 
nervosa from the Wealden of PortugaP are more like Czekanoivskia 
leaves. The leaves described from Siberia as C. setacea Heer*^, 
though narrower than some forms of C. rigida, are probably not 
specifically distinct. 

Czekanoivskia rigida is characteristic of Jurassic strata, and 
occurs in Europe, including Greenland, also in Siberia, China, and 
Japan. 


Gzekanowshia dichotoma Heer and G. cajnllaris Newberry. 

The branched leaves described under these names^ from 
Cretaceous rocks in Greenland and North America are in most 
cases not sufficiently complete to be assigned with certainty to 
the genus Czehanowshia] the examples figured by Hollick and 
Jeffrey^ from Middle Cretaceous beds as C, capillaris occur in 
closely packed groups, but no specimens have been discovered 
showing any scale-covered supporting axis. While admitting the 
probability that these species and 0 . nervosa'^ from Wealden strata 

^ Fontaine in Ward (99) B. p. 685, PL CLXix. %8. 1, 2. 

^ Berry (11) p. 374. ® Heer (81) PL xvii. 

* Heer (77) ii. p. 68; (78) ii. p. 26; (82) A. p. 18. 

® Heer (82) A. p. 8. Newberry and Hollick (95) p. 61. 

Hollick and Jeffrey (09), B. p. 63, PL vi. figs. 1— -3, 

’ Heer (81) PL xvn. 
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may be allied to Czekanotvskia rigiAa, such evidence as is available 
points to a maximum development of Czekanowskta in the Jurassic 
period, . 

FEILDENIA. Heer. 

In 1870 Heer^ described some small linear leaves from Tertiary 
strata in Spitzbergen for which he proposed the generic name 
Torellia, defining it as follows : ‘ Folia rigida coriacea, basin versus 
angustata^ articulata, tenuiter costata^ costis interstitiisque sub- 
tilissime striatis.’ On the discovery by Capt. Feilden of additional 
specimens in Miocene beds in Grinnell Land (8F 46MSr.) Heer 
published a further account of the genus and substituted Feildenia 
for TorelUa because of the previous use of the latter name by 
Zoologists. Heer compared Feildenia with Podocarpus, Araucaria^ 
and other Conifers but, mainly because of the occurrence of a 
leaf with a lobed lamina, he provisionally included the genus in 
the Taxineae^. The leaves are usually found as detached speci- 
mens but in one case several are spirally disposed on a stout axis 
and one imperfect example shows at the base what appears to be 
a scale-leaf, suggesting that leaves were also borne on short shoots 
like those of Phoenicopsis and CzekanowsMa. Heer lays stress 
on the ribbing and striation of the surface of the lamina as dis- 
tinguishing features between Feildenia and Phoenicopsis , but 
Nathorst®, in his revision of the genus, expresses the opinion that 
it is only in the tendency to a sickle-like form and a feeble expansion 
of the slightly curved base that Feildenia, at best an ill-defined 
genus, can be distinguished from Phoenicopsis. 

Feildenia rigida Heer. 

This species, from Miocene beds of Spitzbergen^ and Grinnell 
Land^ is represented by linear leaves 6“~8 cm. long and 5—8 mm. 
broad at the widest part, usually rather nearer the apex than the 
base; the lamina is often slightly falcate and tapers gradually to 
a narrow base. There are 8— -11 veins for the most part parallel 
but occasionally feebly convergent at the bluntly rounded apex. 

t Heer (71) iii. p. 44. ^ Heer (78) i p. 20b 

® Nathorst (97), p. 55. 

^ Heer (71) ii. p. 44, PL wi. figs. 3—12 ; PI. xvr. fig. 11 , 
b (78) i p. 20, Pis. I., n., vtn. 
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FeMdenia Nordenskdldi Nathorst. 

il species from Upper Jurassic rocks in Spitzbergen founded by 
Nathorst^ on leaves similar to those of F. rigida but smaller; the 
lamina is generally 3 — 4 mm. broad and may reach a length of 
4*5 cm. There are usually six veins and as in other species finer 
longitudinal lines occur between the true veins. A few small 
leaves very similar to F. Nordenskdldi are described by Nathorst 
as Feildenia sp.^ from Franz Josef Land, probably of Weaiden age. 

Until further evidence is available it is impossible to fix pre- 
cisely the position of the genus. Though often distinguished by 
the sickle-shaped lamina and the broad apical region from leaves 
of Podommites it is nob always possible to separate the leaves of 
the two genera. 

PHOENICOPSIS. Heer. 

BESMIOPHYLLUM. Lesquereux. 

Phoenicopsis was founded by Heer^ on linear leaves from 
Middle Jurassic strata in Siberia ; the leaves, in extreme cases 20 cm. 
long and varying in breadth from 2 mm. to 2 cm., occur in clusters of 
six or more and even as many as twenty on very short and relatively 
broad axes covered with small scale-leaves. These dwarf-shoots 
were deciduous : the lamina is fairly uniform in breadth but tapers 
gradually towards the slender base and is usually obtusely rounded 
at the apex ; t|ie veins are parallel and very rarely dichotomously 
branched. The features on which species are founded are often • 
of little systematic value : they are the breadth of the lamina, the 
arrangement of the veins, the presence or absence of interstitial 
^ veins.’ It is very doubtful whether much confidence can be 
placed on the occurrence of the so-called interstitial veins : in 
some species of Phoenicopsis the parallel veins show no trace of 
a smaller tvein’ between them, but occasionally in a leaf of the 
same species there are indications of interstitial Veins.’ The 
breadth of the lamina is also an uncertain guide: well preserved 
specimens show that the leaves may reach a considerable length 
and that the lamina gradually decreases in breadth towards the 
narrow base. Species have been needlessly multiplied particularly 

1 Nathorst (97) p. 56, PL in. %s., 16—27. 

Nathorst (99) p. 15, Pi. i. figs. 25— 30, 32, ® Heer (77) ii. p. 49. 
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ill the case of detached leaves which it is often impossible to 
determine even generically. The characters usually employed for 
the separation of different forms are conveniently shown in a table 
publislied by Krasserh There is no information available as to 
the epidermal structure of the various types oi Phoenicoipsis leaves, 
norhave we any data with regard to the reproductive organs. The 
genus is generally included in the Ginkgoales: the dwarf-shoots 
agree closely with those of Gzekanowskia which., in the structure 
of the epidermis and in the bifurcation of the leaves, resembles 
Ginkgo and Baiera. The precise position of Phoenicopsis cannot 
be regarded as settled. The only evidence with regard to ana- 
tomical structure is that furnished by Solms-Laubach^ who 
described petrified leaves from Jurassic rocks in Franz Josef 
Land which are probably examples of Phoenicopsis ; but, assuming 
that they belong to this genus, the anatomical data are insufficient 
to determine the position of the genus within the Gymnosperms. 
Incomplete and detached leaves agreeing in their venation and in 
the form of the lamina with those of Phoenicopsis cannot as a 
rule be distinguished from leaves of Podozamites, Feildenia, or 
even from narrow forms oi Cordaites. The Jurassic specimens 
from North Germany on which Salfeld^ founded the genus Phyl- 
lotenia should probably be assigned to Phoenicopsis, Solms- 
Laubach refrained from assigning the imperfect Franz Josef 
Land leaves to Phoenicopsis because no dwarf-shoots were found ; 
he employed the non-committal generic name Desniiophyllum, a 
designation that might with advantage be more frequently used 
for specimens which cannot be proved to belong to Phoenicopsis, 
Podozamites or other genera with similar leaves. 

Besmiophyllum. Lesquereux established the genus Desmdo- 
pliyllum^ for some narrow sublinear leaves from the Coal Measures 
of Pennsylvania similar to those ot Poacordaites and attached to 
an imperfectly preserved axis either singly or in small groups. 
The type-species D. graeile is probably a species of Cordaites : the 
name Desmiophyllum never came into general use until its revival 
by Solms-Laubach in 1904 as a convenient term to apply to linear 

h Krasser (05) p. 612, 

2 Solms-Laubach (04) Pis. i,, ir. s Salfeld (09) B. p. 26, PL iv. fig. 3, 

4 Lesquereux (78) p. 322,* (80) A. p. 556, PL 82, fig. 1. 
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leaves tliat in the absence of evidence as to the habit of the shoots 
cannot be assigned to more precisely defined genera such as 
Phoenicopsis or Podozamites, Nathorst^ employs D.esniiopliyllum 
for some PlioenicopsisAilio, leaves from Jurassic rocks in the New 
Siberian Islands which may be specifically identical with those 
described by C4raf Solms from Franz Josef Land, which I propose 
to call DestniophyUum Solmsi. In view of the probability that 
these leaves belong to a species of Phoenicopsis , a brief description 
of their structure may be conveniently inserted here, 

Desmwphyllmn Sohnsi sp. nov. 

The collection of plants obtained by the Jackson-Harmsworth 
Expedition (1894— 96) to Franz Josef Land includes several 
specimens of matted linear leaves some of which are figured by 
Newton and TealP. Similar leaves collected by Nansen are 
described by Nathorst^. Subsequently Solms investigated the 
structure of the leaves figured by Newton and Teall and the 
photographs reproduced in fig. 662 were taken from sections of 
the silicified material in the Museum of the Geological Survey. 
The largest specimens reach a length of 10 cm. and are 5^ — ^10 mm. 
broad ; the veins are unbranched and there are six in a breadth of 
3 mm. of lamina. In transverse section the lamina is of fairly 
uniform breadth or, owing to the partial collapse of the intercostal 
inesophyll, it is characterised by prominent ribs (fig. 662, A). 
The vascular bundles are collateral, enclosed in a sheath of rather 
thick- walled cells : the xylem elements are spiral and scalariform 
and, as Solms states, the occasional preservation of single rows of 
circular bordered pits and the occurrence of lateral sieve-plates 
point to a Gymnospermous affinity. The mesophyll is fairly 
homogeneous and lacunar as shown in fig. 662, A and B : in the 
tangential section (B) the lacunar mesophyll is seen between the 
veins and their associated rows of rectangular cells. The epidermal 
cells are thickly cuticularised and papillose. In one section a few 
stomata were found showing two dark guard-cells, 40 p long, 
surrounded by six faintly outlined cells (fig. 662, C) agreeing with 
those of Ginkgo and Ginkgoites, except in the absence of any 
overarching papillate subsidiary cells. This may, however, be 
P- Nathorst (07) p. 4. 

“ Newton and Teall (97); (98). ® Natliorst (99). 
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due to the section having passed slightly below the level of the 
epidermal surface. The cells of the epidermis are short and have 
straight walls. 

Though we should not be justified in asserting that the leaves 
named Besmiophyllum Sohmi are examples of Phoenicopsis, the 
probability is that they belong to that genus. Phoenicopsis is 


Fig* 662. Desmiophyllum Solmsi, A, transverse sections of leaves ; B, tangentia 
section of the lamina showing veins and mesophyll; C, stomata. (From 
sections in the Museum of the Geological Survey. London.) 

especially characteristic of Jurassic rocks and is best represented 
in the Middle Jurassic series of Siberia. The genus is recorded also 
from Spitzbergen^, Franz Josef Land^, and Bornholm^: a species, 
P . Gunni^y hsiB been described from Upper Jurassic rocks in Scot- 
land, the only example of the genus in Britain. Feist mantel^ 

^ Nathorst (97), p. 16. Holler (03) p. 30. 

^ Seward (IP) p. 681, PI. IX. fig. 35 * Feistmantel (77) fig. 9 
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lias figured an imperfect specimen from Upper Gondwana rocks 
ill India that may be correctly referred to this genus. Incomplete 
leaves from the Rhaetic beds of Sweden described by Nathorst^ 
as Phoenicopsis cf. sp^eciosa Heer may be examples of the genus., 
but the name DesimofliyUivni would be more appropriate. 



Fio. 663. Phoenicopsis speciosa. (After Heer; f nat. size.) 

Phoenicopsis. 

Phoenicopsis speciosa Heer. 

In this Siberian Jurassic species^ the leaves reach a length of 
20 cm. and a breadth of 7 — 8 mm. ; there are from 15 to 23 veins 

1 Nathorst (86) p. 96, PI. xxv. figs. 25, 26. 

2 Heer ( 77 ) ii p. 112, Pis. xxix., xxx. 
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ill tlie lamina and a faintly marked interstitial 'vein/ probably 
the impression of a stereoine strand, between each pair of veins. 
In one specimen Heer found 21 leaves in a single cluster but 
usually the number on a single dwarf-shoot is smaller. It wa& 
the superficial resemblance of a cluster of these leaves (fig. 663) 
to the leaf of some Palms that suggested the name Phoenicopsis, 
The leaves described by Heer as P. latior^ are not distinguished 
from P. speciosa by any very definite character. Examples of 
detached leaves from Lower Jurassic rocks in Bornholm described 
by Moller^ as cf. Phoenicopsis latior may equally well be referred 
to Podozamites. 

Phoenicopsis angustifolia Heer. 

The leaves are 4 mm. broad or less and have 6 — 8 veins without 
interstitial veins^. This species is recorded from Russia^ Siberia, 
China, and the Arctic regions, and leaves of similar type are 
represented by Phoenicopsis media Krasser^, which is probably 
merely a form of P. angustifolia^ ; P. taschhessiensis Krass. from 
China ; also Chinese specimens first described by Potonie'^ without 
a specific name and afterwards named by Krasser® P. Potoniei. 

The species Phoenicopsis Gunni ixom Scottish Kimeridge beds 
is a similar type with leaves 3 — 4 mm. broad and 12 cm. long with 
eight veins and indications of interstitial 'veins.’ 

? Phoenicopsis elongatus (Morris). 

Morris^ founded this species on a linear leaf, now in the British 
Museum, from the Jerusalem Basin (Triassic), Tasmania, which he 
referred to ZeugophylUtes, a, genus founded by Brongniart on a 
specimen from the Lower Gondwana rocks of India but never 
figured. To the same species McCoy referred some broader 
leaves from Permo-Carboniferous strata in New South Wales: 
these were shown»by Etheridge^^ and Arber^^ to be distinct from 
Morris’s type and the latter author identified them with Noeg- 

Heer (77) ii, p. 113, Pis. xxix., xxxr, ^ Holler (03) p. 31. 

3 Heer (77) ii. pp. 51, 113, Pis. i„ n., xxx. 

^ Seward (07^), PI. Tin. fig. 69. s Krasser (00) B. p. 147, PI. ni. fig. 4. 

^ Nathorst (07) p. 7. Seward (11) p. 50. 

’ Potonie (03). « Krasser (05) p, 23. 

® Morris in StrzelecM (45) B. p. 250, PI, vi. figs. 5, 5a. 

10 McCoy (47) B. 11 Etheridge (93) p. ^^7^^ i^ Arber (022) B. p. 17 ; (032 
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gerathiopsis GoepperH (SclimaL) a species that is now recognised 
as identical with Cordaites {NoeggeratMopsis) Hislopi {Bmib.). 
FeistmanteF, who reproduces Morris’s original figure of Zeugo- 
piliyllites elongatiis, assigns the Tasmanian plant to Podozaniites. 
Ill 1903^ I expressed the opinion that this species is a Phoemcopsis 
and figured some specimens from the Stormberg (Ehaetic) series 
of South Africa as Phoemcopsis elongatus. The leaves reach a 
length of more than 16 cm. ; the lamina is gradually tapered to 
an acuminate termination which may be the base, the distal end 
having a bluntly rounded apex. The veins are parallel and simple. 
Similar leaves have been described by Szajnocha and by Kurtz^ 
from Ehaetic rocks in South America, In the absence of specimens 
attached to an axis it is impossible to speak with confidence as to 
the systematic position of the detached leaves, but they bear a 
very close resemblance to some of the European examples of 
Phoemcopsis. The occurrence of these leaves in Australia, South 
Africa, and South America and the PhoeyiicopsisAdko, leaves recorded 
from India^, though not proving the existence of Phoenico'psis in 
the later vegetation of Gondwana Land, afford some evidence of 
its occurrence in the southern floras. 

^ Peistmantel (90) A. p. 150, PI. xxi. fig. 6. 

2 Seward (03) B. p. 67, PI. ix. figs. 1, 9, 10. 

3 Szajnocha (88) B. p. 19, PI. ii. fig. 4; Kurtz (03). 

^ Feistmantel (77) fig, 9. 
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GEKERA OF UNCEBTAK POSITION. 

In this section are included several Palaeozoic genera most of 
which have heen assigned to the GinJcgoales on evidence ^vhich in 
■most cases is iihoUg inadequate. 

Probably the oldest specimens referred to the Ginkgoales are 
some imperfect leaves from Middle Devonian rocks in Bohemia 
described by Potonie and Bernard as Barrandeina Dushana 
(Krejci)b but there is no evidence of aflEinity to this or to any other 
class of plants. 

GLOTTOPHYLLUM. ; Zalessky. ^ ^ 

This designation has recently been proposed by Zalessky^ for 
Schmalhausen’s Permian species Ginkgo cuneata which has no 
substantial claim to be regarded as generically identical with 
Ginkgo biloba, Zalessky considers that it may belong to the 
Ginkgoales though the available data hardly justify more than a 
suggestion of possible relationship. 

(Schmalhausen). 

A Permian species from the Altai mountains^ represented by an 
obovate spathulate leaf 11 cm. long and 4 cm. broad with a compara- 
tively long 'stalk’ consisting of a narrow^ portion of the lamina: 
the lamina is traversed by slightly spreading veins about 1 mm. 
apart. In form this leaf resembles the genus Eretmophylluni^ (cf. 
fig. 658) and may be a species of that genus, but in the absence 
of any information with regard to the epidermal features it is 
inadvisable to adopt a name implying affinity to the Ginkgoales. 

^ Potonie and Bernard (04) p, 45. 

^ Zalessky (12^) p. 28 (footnote). 

® Schmalhausen (79) A. p. 34, PL IV. %. 

yihomas, H. 
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GINKGOPSIS. Zalessky. 

This generic term proposed by Zalessky^ for Schmalhansen’s 
Ginkgo Czekanoioshii, but not defined by him, may be adopted for 
certain leaves resembling those of Ginkgo but which there is no 
adequate reason for regarding as the leaves of a member of the 
Ginkgoales. 

Ginkgopsis Czekanotvskii (Schmalhaiisen) and Ginkgopsis mimita 
(Nathorst). 

The small leaves, or leaflets, described by Schmalhausen^ from 
the Permian of the Lower Tungiiska river as Ginkgo Czekanowskii 
are more or less orbicular and the lamina, approximately 1-5 cm. 
broad, is divided into several bilobed segments (fig. 664, C). It 
is by no means certain that all the fragments included in this 
species are specifically identical; some bear a close resemblance 
to Ginkgo minuta Nath.^ from the Ehaetic of Scania, a type which 
he assigns with hesitation to Ginkgo and compares with the leaves 
of Acrostichum peltatum. It is impossible without additional data 
to determine either the systematic position of the specimens 
included in these two species or their morphological nature. 
Through the kindness of Prof. Zalessky I have been able to examine 
photographs of some of the original material and, as shown in 
fig. 664, C, the supposed leaves are borne on a rachis-like axis, 
possibly of some Pteridosperm, a circumstance which though not 
proving that they are leaflets of a compound frond, favours that 
interpretation. 

NEPHROPSIS Zalessky. 

This name is proposed by Zalessky^ for the leaves described by 
Schmalhausen and Renault respectively SiS Ginkgo integerrma and 
Ginkgo martensis on the ground that these Permian specimens do 
not afford satisfactory evidence of close aflinity to the genus 
Ginkgo. The two sets of leaves are probably specifically identical. 

N ephf apsis integeffima 

In fig. 664, A, B, are reproduced two of the leaves from the 

1 Zalessky (12^) p. 28 (footnote). 

Sckmalhausen (79) A. p. 84, PL xvi. figs. 8—10. 

3 Nathorst (86) p. 93, PL xm. fig, 112 ; PL xx. figs. 14— 16. 

^ Zalessky (12^) p. 28 (footnote). 




Fig. 664. C, Ginkgopsis GzeJcanowsHL A, B, Nephropsis integerrma. (From the 
originals of Selirnalhansen’s figures, supplied by Prof. Zalessky; nat. size.) 

but with the addition of a question-mark. The Permian leaves 
differ from those of Ginkgo in the absence of marginal veins—though. 
this is of secondary importance — in the absence of a true petiole^ 
in the form of the lamina and, from the majority of recent Ginkgo 
leaves, in the entire margin. The supposed leaves may be leaflets 
of a compound frond or possibly bracts from some fertile shoot. 

Sclimalhausen (79) A. p. 85, PI, XVI. figs. 12— 15. 

2 ZeiUer (96) A. p. 475. 

® Renault (88) p. 232, fig. 47 c. 

^ Zeiiler (06) B. PL xfivnr, fig. 3. 
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Permian of the Lower Tunguska on which Schmalhausen founded 
his species integerrima'^ ; the characteristic features are : 

the transversely elongate form of the entire lamina, the spreading, 
dichotomously branched, veins and the short and relatively broad 
stalk-like basal portion of the lamina. As Zeiller^ says, this 
species is probably identical with Ginkgo martensis^ from Permian 
beds near Toulon-sur-Arroux (Saone-et-Loire) founded on a single 
leaf 3 cm. broad and 1-6 cm. deep. Zeiller reproduces Renault’s 
figure in his volume on the flora of Blanzy and Creusot* and states 
that the specimen could not be found : he retains the name Ginkgo 
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PSYGMOPHYLLUM. ScMmper. 

This generic name^ was instituted by Schimper^ for large 
ouneate leaves (figs. 665 — ^667) from Upper Carboniferous and 
Permian rocks that had previously been included in Sternberg’s 
genus Noeggerathia : the type-species is NoeggeratJiia flahellata 
Lind, and Hutt.® Psygmophyllum is thus defined by Schimper: 

^ Folia pinnatisecta, pinnis erecto-patentibus, e basi valde angustata 
flabelliformis, longitudinaliter flabellatim plicatis, plus minus 
profunde pinnatisectis vel margine lobatis seu crenatis: nervis 
pliiries dichotomis, erecto-radiantibus.’ Among other species 
referred by Schimper to Psygmophyllum are NoeggeratJiia expansa 
and N. cuneifolia from Permian beds in the Ural mountains 
figured by Kutorga^ Brongniart and later authors. In 1878 
Saporta^ published a note giving the results of an examination 
of Brongniart’ s specimens: he expressed the opinion that these 
species are portions of compound fronds comparable with Eremo- 
pteris, differing morphologically from PsygrnopJiyllum flabellatim 
w^hich he regarded as a shoot bearing simple leaves. He also 
pointed out that in the Ural fossils the leaflets have a more or less 
W'dl defined midrib in contrast to the regular flabelliform dicho- 
tomous venation in the leaves of the English species, P. flahelli- 
forme : the latter he assigns to the genus Ginkgophyllum previously 
established for a Permian species, G. Grasserti^, consisting of an 
axis bearing spirally disposed cuneate and deeply divided leaves 
(fig. 669) very similar to some of the older Baiera leaves; while 
Schimper’s genus Psygmophyllum, is applied to the two Russian 
species P. expansum and P. cuneifoUum. Saporta included a 
third Ural species in PsygmopJiyllum, P. santagoulourensis. An 
examination of some specimens of Brongniart’s Noeggerathia 
expansa in the British Museum leads me so far to agree with 
Saporta in the opinion that some of the specimens referred 
to that species are generically distinct iiom P. flabellatum. 
Schmalhausen’s figures of the Ural species, which he refers to 

1 a fan, ^ gcyniper (70) A. Vol. n. p. 192. 

3 Lindley and Hutton (32) A. Vol. I. Pis. XXVUI.---XXIX, 

^ Kutorga (44) ; Brongniart (45) B. Pl, E ; Schmalhaiisen (87) Pis. ni., iv. 
See also Arber (12) p. 401, 

5 Saporta (78); (782) ; (783). e gapoxta (75), 


so GENERA, OF UJSrCERTAIN POSITION [OH. 

Psygmopliyllum, show a considerable variation in the venation of 
the leaves or leaflets : those represented in his Plate iii. figs. 8—10^ 
agree with P. flabellaMim while others differ in the presence of a 
midrib (e.g. Schmalhansen’s PL iv. fig. 3). There has been con- 
siderable confusion in regard to the determination of these Russian 
specimens: as Arber says, Kutorga’s Gyclopteris gigantea^ is 
probably a true Psygmophyllum though other specimens subse- 
quently referred to P. expansum should not be included in that 
genus. Zalessky^ in 1912 proposed a new generic name Palamo- 
phyllum for the Russian species but retained Psygmophyllum for 
a Mongolian Permian specimen which he named P. mongolicum : 
this fossil is clearly a portion of a compound frond with leaflets 
like those of some forms of Palaeopteris. In a later paper^ this 
author assigns Psygmophyllum mongolicum to Palamophyllum, but 
on his attention being called by Zeiller to Saporta’s note of 1878, 
Zalessky^ decided to abandon his proposed genus Palamophyllum 
in imoum oi Psygmophyllum. 

Confusion has also been caused by lack of uniformity in the 
use of the two generic names Psygmophyllum djxdi Ginhgophyllum. 
The type-species of these genera I believe to be generically identical ; 
they agree in the general form of the leaves, the lamina being much 
more deeply divided in the type-species of Ginkgophyllum^ aim in 
the decurrence of the narrow basal portion of the lamina, and both 
are probably shoots, though the morphological nature of these and 
other types included in Psygmophyllum is by no means clear. 

Arber retains both names : as a matter of convenience he 
restricts Psygmophyllum to leaves that are entire or only slightly 
lobed, e.g. P. fiahellatum (fig. 665), and the more deeply dissected 
leaves such as those of Psygmophyllum Gmsserti (fig. 669) he refers 
to Ginkgophyllum. This distinction is, hqwever, purely arbitrary 
and on the analogy of the leaves of Ginkgo hiloha it would seem 
preferable to include both deeply divided and more or less entire 
leaves in the same genus. Cambier^ and Renier prefer the name 
Psygmophyllum \jQ Ginkgophyllum on the ground that in the leaves 

^ Schnialiiausen (87). ® Kutorga (44) PL n. fig. 7, 

^ Zalessky (12) p. 3% Pi. VII. fig. 5. ^ Zalessky (122) p. 27. 

® This decision was communicated in a letter (October, 1913). A. 0. S. 

® Gambier and Renier (10). 
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assigned by some authors to GviikgophyUmn there are no marginal 
veins like those in the lamina of a Ginkgo leaf. This objection, 
though not in itself fundamental, is based on a sound principle, 
namely an objection to the assumption of affinity to Ginkgo implied 
by Ginkgo'phylhim, an assumption that rests on a superficial 
resemblance unsupported by any evidence of real value. 

The name Psygmophyllum is adopted both for entire and deeply 
divided leaves of larger dimensions than the similar leaflets of 
fronds included in such genera as Palaeopteris and Adiantites. 
Specimens usually occur as detached leaves, but when the leaves 
are attached to an axis the lamina is usually contracted into a 
fairly long, deciirrent, basal portion ; there is no true petiole. 

The veins spread from the base of the lamina and are repeatedly 
forked ; they may be very numerous and in some forms occasion- 
ally anastomose, as in P. flcdyellatuni, or much farther apart, as in 
P, niajus Arb. and P. Broimiii (Daws.). The genus is at best a 
purely artificial one; we knoiv nothing as to the reproductive 
organs or the anatomical structure, nor is it possible to determine 
in many instances whether the specimens are portions of compound 
fronds or shoots bearing simple leaves. 

Psygmophyllum ranges from Devonian to Permian strata, and 
if the Ehaetic leaves named Psygmophyllum ? crenatum (Nath.) are 
accepted as evidence, the vertical distribution must be extended. 
The genus occurs in England, Ireland, the continent of Europe, 
Spitzbergen, and North America; it is also a member of the 
Permo-Carboniferous floras of South Africa and India. 

Psygmophyllum flahellatum (Lindley and Hutton). 

The name NoeggemtMa was given by Lindley and HuttoiP to 
some specimens from the Newcastle Goal Measures ; of the two 
examples figured one consists of a slender supporting axis bearing 
several torn cuneate leaves, which they speak of as part of a com- 
pound frond, and the other is a single leaf or leaflet. It is stated 
by Prof. Lebour and Dr Arber^ that the original specimens cannot 
be found in the Hutton collection in the Newcastle Museum. In 
Mr Howse’s Catalogue^ a specimen is described as possibly the 
original of the larger example, and some years ago I examined a 

’ Lindley and Hnitton (32) A. Pis. xxvm., xxix. 

“ Arber (12) p. 394. ® Howse (88) A. p. 109. 
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leaf ill the Hutton collection which was believed to be the specimen 
reproduced on Plate 29 of the Fossil Flora. Fig. 665 represents 
an impression in the British Museum^ from the Newcastle Coal 
Measures; the cuneate and partially torn lamina, 15 cm. long, is 
characterised by the very large number of forked veins, approxi- 
mately three to a breadth of 1 mm. In this and another specimen^ 



Fig. 66s. Psygmopfiyllum fldbellatum. (Brit, Mus. No. 40578 ; 
ca. I nat. size.) M. S. 


it can be seen that the veins occasionally anastomose, but this 
feature is more clearly shown in some better specimens in the 
Sunderland Museum®. One of these is represented half natural 
size in fig. 666. The leaves have no true petiole and are attached 
to the axis by narrow decurrent bases. A careful examination of 
the specimen did not enable me to detect any satisfactory evidence 
^ No. 40578. ^ No. 38927. ® For other figures, see Arber (12). 
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Pig. 666. Psygmophyllum flahellatum. A— -C, anastomosing veins. 
(Prom a specimen in the Sunderland Museum; | nat. size.) M. S, 
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of the sheathing nature of the leaf -bases described by Arber/biit 
it was on this example that I noticed the anastomosing of the 
veins (fig. 666, A — C), a character not hitherto recorded in the 
genus^. The lamina is torn and it is difficult to determine the 
degree of original lobing. Dr Arber believes that such specimens 
as that reproduced in fig. 666 are portions of a herbaceous plant 


and quite distinct from GinJcgo. While agreeing with the latter 
statement I do not regard the shoot-nature as definitely de- 
monstrated, though that is the interpretation usually accepted 
and not improbably correct. The habit appears to be identical 


^ A good specimen in the Manchester Museum also shows anastomosing veins. 
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witli that of the Permian species named by Saporta Ginkgopliyllum 
Grasserti (fig. 669) and Ms figure^ of that type suggests a shoot 
rather than part of a compound frond. Some species referred by 
authors to Psijgmopliyllum are certainly pinnae, while others bear 
a closer resemblance to shoots with simple leaves. Until better 
material is available we cannot determine either the morphological 
nature or the systematic position of the various examples assigned 
to this provisional genus. 

Psggmophyllimi Kolderupi hTathorst. 

Nathorst^ has recently founded this species, naming it after 
Dr Kolderup, on specimens from Devonian strata in West Norway 
consisting of pieces of shoots, or possibly compound fronds, 
bearing spirally disposed fan-like leaves or leaflets on long stalks 
and reaching a breadth of 15 to 30 mm.; the veins are fine and 
repeatedly forked. The habit appears to be similar to that of 
Psygmophyllum fiahellatimi,, but it is hardly possible to say whether 
we are dealing with fragments of a frond or branches bearing 
simple leaves. 

Psygmophyllum Kidstoni Seward. 

This species, very similar to P. flubellahmf is founded on 
specimens discovered by Mr Leslie in the Permo-Carboniferous 
rocks at Vereeniging, South Africa^. The cuneate leaves reach a 
length of 13 cm. and in some cases are deeply divided into two 
truncate lobes (fig. 667). The veins appear to be identical with 
those of P. flahellatum though no definite anastomosing has been 
detected. A photograph recently received of a new specimen 
shows some indication of a few cross veins, but the occasional 
anastomosing of veins should not be regarded as a feature of great 
iinportance. The axis of this species is broader than any so far 
found in the case of the English species, and the leaves are attached 
by a similar decurrent base. Incomplete leaves similar to P. 

though probably not specifically identical are described 
by Dun^ from Permo-Carboniferous strata at Sydney as PHja'f- 

> Saporta (84) PI. 152, fig. 2. 

2 NUhorst (15) p. 25, PI. I. figs. 6—11; PJ. IT. figs. 2—^^^ 

® Seward (03) B. p. 93, PI. xii. ; Arber (05) B. p. 213, fig. 47. 

^ Dun (10) Pi. 51. 
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dopsis ginkgoides ra-i. Sue-ssmilcM] they are probably referable 

to Psyg7m2)hyllum. 



P$yg 7 nophyllum WilUamsoni Nathorst. 

A species^ founded on imperfect leaves from the Upper Devonian 
of Spitzbergen agreeing closely in shape and venation with P. 
Jlahellatum. This is the oldest European example of the genus. 
In answer to an enquiry with regard to the venation Prof. Nathorst 
kindly informed me that he was unable to detect any definite 
traces of anastomosis and that the veins agree in their spacing 
with those of .P, Jl(ih6ll(itufyb. 


Fia. 667. Psygmophyllum Kidstoni. From Vereeniging, >S. Africa. 
(J nat. size.) 


PsygMophyllummajusAthBt, - 

The large flabellate leaves^, oftea more than 16 cm. long and 
16 cm. broad, representing this Lower Carboniferous or Upper 
Devonian species from Newfoundland, are distmguished from 
P. flabellatum by their broader and less kite-like lamina and by 
the coarser venation. The distal margin is almost entire or 
characterised by broad and shaUow lobes-: as in P. Willmmsom 
no axis occurs with the leaves. As Arber points out, this species 


1 Nathorst (94) A. Pl. n. figs. 1, 2 ; Arber (12) PI. xm. fig. 4. 

2 Arber (12) p. 392, Pis. sxn.— xttv. 
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bears some resemblance to Psygmophyllmn Brownii originally 
described by Dawson^ as Cyclopteris Brownii from Upper Devonian 
strata in Maine. , 

Psygniophylhmi Haydeni Seward, 

In 1905 some incomplete specimens were described from 
Permo-Carboniferous rocks in Kashmir as Psygniophyllum sp.^ 
for which, on the discovery of better material, a specific name was 
proposed^. The leaves reach a length of 13 cm. and are charac- 
terised by the division of fche lamina into six or more obcnneate 



Fia. 668. PsygmophyUum Haydeni. (Nat. size.) 


segments, the divisions sometimes extending to the base of the 
broad part of the leaf (fig. 668). In the upper part of the lamina 
there are three to four veins per millimetre but lower in the 
lamina the veins are 1mm. apart. Dr Arber^ suggests that this 
species should rather be referred to Ginkgophyllum or RMpidopsis. 

Psyg)nophyUum Hollandi B&wsiicd. 

This less satisfactory species is represented by some imperfect 
leaves from Garboniferous rocks of Kashmir®. The lamina is 

1 Dawson (63) PI. XVII. fig. 6. ^ Seward and Woodward (05) B. 

2 Seward (07®) B. A Arber (12) pi 400 (footnote). ^ Seward (07®) B. 
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divided by a deep median sinus into two bilobed segments and 
agrees closely with some species of Baiera. By some authors this 
species would be included in Ginkgo'phyllum but, as already stated 
ill the account of the genus, the degree of dissection of the leaves 
is too variable and unimportant a character to be made the basis 
of a generic differentiation. 

Psygmophyllum Gmsserti (Saporta). 

This Permian species from Lodeve^, France, agrees closely with 
P. flahellatum in the size and outline of the leaves as also in their 



Fig. 669. Psygmophyllum Grasserti, (After Saporta; f nat. size.) 

method of attachnaent to the axis, but it is distinguished by the 
division of the lamina into linear segments (fig. 669). A species 
with similar leaves, from the Permian beds of the Ural mountains, 
is figured by Saporta as Ginhgophyllum kantenskianum^ J ohnston® 
describes a GinkgophyUum austr ah, ixom ' Mesozoic' rocks 

^ Saporta (75) p. 1018; (84) Pi. 152, fig. 2. 

Saporta and Marion (85) p, 144, fig.73, B; Saporta (82). 

® Johnston (86) p. 178. 
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ill Tasmania wMclt lie compares with G. Gmsserti Sap./ but as lie 
gives no ilk totion of the fossil no opinion can be formed of its 
true nature. 

Psygmoj)hylliim Jciltorhense Johnson Kiltorhensia devomca J ohn.) . 

A species^ recently described from the Upper Devonian grits 
of Kiltorcan, Ireland, characterised by fan-shaped leaves 7 cm. 
long and 5 cm. broad, deeply divided into two symmetrical halves 
each of which is again divided into two ribbon-like segments with 
2 . Ginkgo-like venation. The leaves agree closely with those of 
P. Gmsserti in their general form and in the lobing of the lamina. 
Johnson believes this type to be an ancestral form of Ginkgo 
though there are no adequate grounds for such a view. 

Psygniophylluyn ? crenatum (Brauns). 

The close resemblance presented by the Ehaetic leaves from 
near Braunschweig, originally described by Brauns^ as Cydopteris 
crenata and subsequently figured by Nathorst® as Ginkgo ? crenatfit, 
to some Permo-Carboniferous leaves included in Psygmophyllum 
suggests affinity with that genus. The obovate lamina, approxi- 
mately 12 cm. long, is slightly lobed on the upper margin and 
contracted below into a stalk-like base; the forked veins are 
nearly 3 mm. apart. Nathorsh compares the species with Psygmo- 
phyllum flabellatum Lind, and Hutt., but the Ehaetic specimens 
differ from the English type in their much coarser venation : in 
the lobing of the lamina and in the coarse venation there is a much 
greater similarity to the broader leaves described by Arber^ as 
Psygmophyllum majus. In view of the incomplete nature of the 
material it is inadvisable to adopt the name Psygmophyllum 
without reservation. An examination of Nathorst’s specimen in 
the Stockholm Museum led me to regard it as more probably an 
example of Psygmophyllum than of Ginkgo. 

^ Johnson (14). Since this account was written Pi of. Johnson has described 
additional material including stems and foliage [Johnson (17)] demonstrating the 
occurrence of repeatedly forked filamentous leaves [or leaflets] attached to slender 
axes bearing also the broader form of lamina. The plant, which he now refers to 
a new genus KiltorTceiisia, may well be a Pteridosperm with compound fronds and 
dimorphic pinnules. 

2 Brauns (66) p. 52, PL xin. fig. 8. 

y Arber (12) p. 392, Pis. xm. — ^xliv. 


® hfathorst (78). 
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Other records of Psygmophyllum. 

Psygmojphyllum primigeniu7n (Saporta). Some leaves dis- 
covered by Graiid’Eury in Permian rocks of the Urals were 
described by Saporta^ as Salishuria prwiigenia and regarded as 
tbe prototype of the surviving species. The original specimens 
are unfortunately not available, but from the published figures 
it would seem that the species is of the same general type as 
P. fiabellatu7n. 

Reference has already been made to an American Devonian 
species referred by Dawson to Oyclopteris and recently transferred 
to Psyg77iophyllu77i. A leaf or leaflet described by Dawson from 
Gilboa, New York, as NoeggeratJiia gilboefisis^ affords a good 
example of a specimen that may be a Psygmophyllufn leaf or a 
leaflet of a frond of the Noeggerathia type. Lesquereux^ considers 
Dawson’s specimen to be a pinnule of Palaeopteris. The same 
remark applies to Lesquereux’s species Noeggerathia ohtK^a^ from 
the Coal Measures of Pennsylvania included by Arber in Psygyno- 
pJiyllum ; it is probably a pinnate frond. 

The Russian species P. expansu77i and P. cuneifoluim are dis- 
cussed in the account of the genus. The species Psyg77ioplvyllu7n 
Delvali^ Camb. and Ren. from the Westphalian of Belgium is now 
admitted to be a leaf of Cordaites. A species described by Sand- 
berger® from the Permian of the Black Forest as Ginhgophyllum 
minus has been assigned by SterzeP to DicmnophyUum. A leaf 
figured by Schmalhausen^ from the Permian of East Russia as 
Baiera gigas is no doubt a Psygynophyllum allied to P. Kidstoni, 
A fragment figured by Schenk from China as Ginkgophyllu77i sp. 
is too imperfect to determine, and the specimens from the same 
locality described as Psygmophyllum angustilobum^ are, as Zeiller 
points out, pinnules of a frond of the Eremopteris type. 

A sufficient number of examples have been described to 
illustrate the range of the genus and the unsatisfactory nature of 

^ Saporta (82) ; Saporta and Marion (85) p. 145, fig. 74. 

2 Dawson (63) p. 463, PI. xvn. fig. 6 ; (71) A. p. 46, PI xvi. fig. 172. 

3 Lesquereux (80) A. p. 305. ^ Ihid. PI. XLix. figs. 6, 7. 

® Gambier and Benier (Id) Pt VI. fig. 1. 

« Sandberger (90) p. 101. 7 Sterzel (07) p. 820. 

8 Schmalhausen (87) PI. V. fig, 10, 

^ ^ PI xniL figs. 22—24. 
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the material from a botanical point of view. Failing reproductive 
organs or petrified specimens some useful evidence might be 
afforded by an examination of the cuticular structure of well 
preserved leaves. 

RHIPIDOPSIS. Schmalhausen 

Schmalhausen^ instituted this genus for large petiolate oval 
leaves from the Permian rocks of the Petschora district^ charac- 
terised by the division of the lamina into several obcuneate or 
obovate segments closely resembling in their form and venation 
some forms of PsygmopJiyllum especially P. Haydeni’^. We have 
no definite information as to the systematic position of the parent- 
plant ; the genus has usually been regarded as a representative 
of the Ginkgoales on the ground of similarity in the leaves, but 
while admitting that a relationship between RMpidopsis and 
GinJcgo is not improbable it is the safer course to regard Rhipidopsis 
as a genus of Gymnosperms of uncertain affinity. Schmalhausen 
attributes to Rhipidopsis some Samaropsis seeds® found in associa- 
tion with the leaves, and Kurtz^ states that he has found leaves 
and 'fruits’ in the Argentine. No proof of any connexion between 
leaves and seeds has so far been discovered. The genus is recorded 
from Russia, South America, and India from strata that . are 
Permian or approximately Permian in age. 

Rhipidopsis (fig. 670) is distinguished from Psyg?nophylhm by 
the presence of a petiole and from most forms of that genus by the 
deeper dissection of the lamina, as also by a more pronounced 
difference in form and size between the several segments of the 
lamina. Zeiller^ has drawn attention to a close resemblance 
hetwQen Rhipidopsis and a specimen figured by Schmalhausen 
from the Artinsk Permian beds as Psygmophyllum expansum^. 

Rhipidopsis ginkgoides Schmalhausen. 

The type-species (fig. 670) is characterised by the large size 
of the leaves which, according to Schmalhausen ^ may reach a 

y Schmalhausen (70) A. p. 50, Pis. VI., vni. 

^ See p. 86, fig. 668. 

® Schmalhausen(79) A. PI. vm. figs. 9—11. ^ ^ ^ ^ 

4 Zeiller (96) A. p. 467.^^^^^^ ^^^^^ ^ ^ ^ p. 471. 

® Schmalhausen (87) PI. m. fig. 10. 

’’ Schmalhausen (79) A, p. 50, Pis. vi., vni. 
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MMpidopsis ginkgoides. 
of Schmalhausen's figures supplied by Prof. Zalessky.) 
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length including the petiole of 30 cm. and a breadth of 11 cm. 
The segments, 6 — 10 in number, are often free to the summit of 
the petiole; they vary considerably in shape and size, the median 
segments are obcuneate with a broad rounded truncate margin. 


while the lateral lobes are obovate asymmetrical. The repeatedly 
forked veins are 1—1 -6 mm. apart in the lower part of the lamina 
blit much more crowded in the apical region. The slender petiole 


92 GENERA OF UNCERTAIN POSITION ' [CH. 

reaches a iength of 10 cm. This species has been recorded from 
the Argentine but no figures have been published. It is not 
improbable that the seeds of the Samaro^osis type associated with 
the leaves in the Russian and Argentine localities may belong to 
this genus, but proof is lacking. 

Rhipidojysis densmervis Feistmantel. 

This Indian species from the Raniganj group of the Damuda 
series^ (Lower Gondwana) is founded on some leaf-impressions 
very similar in size and form to RMpidopsis ginkgoides. The 
presence of a petiole is shown on one of the figured specimens : the 
lamina is deeply divided into about six obcuneate segments that 
appear to be irregularly lobed on the truncate margin. Rhipi- 
dopsis densinervis is distinguished by its dense venation and by 
a difierence in size between the lateral and median segments less 
than in the leaves of R. ginkgoides. Kurtz ^ states that some 
specimens found by him in Permo-Carboniferous beds in the 
Argentine may belong to this species. 

RMpidopsis gondwanensis sp. nov. 

The specimens for which this name is proposed were described 
by Feistmantel as RMpidopsis ginkgoides^ from the Barakar group 
of the Damuda series. My examination of the type- specimens 
confirms FeistmanteFs statement that they agree closely with 
Schmalhausen’s Russian leaves except in their much smaller size : 
the Indian leaves reach a length of 3 cm. while in Schmalhausen’s 
species the lamina may be 14 cm. in length. In view of this 
difference and the wide geographical separation of the two forms 
it would seem preferable to adopt a distinctive name. The 
lamina is divided, almost to the base, into 6 — 10 segments; the 
larger are cuneate and the smaller obovate and obtuse. 

SAPORTAEA. Fontaine and White. 

Fontaine and White^ instituted this generic term for some in- 
complete impressions of large leaves from Permian rocks in Virginia 
having a broadly cuneate or suborbicular lamina characterised by 

^ Feistmantel (80) B. p. 121, Rl. yt. w, A 

2 Zeiller (96) A. p. 467. 

® Feistmantel (81) p. 257, PI. n. fig. 1; (86) PI. nr. A. figs. 1, 2. 

^ Fontaine and Wliite (80) B. p. 99, PI. xxxvm. 
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a thickened lower margin extending horizontally a short distance 
on either side of the petiole and presenting the appearance of 
being formed by the bifurcation of the summit of the leaf-stalk 
at right-angles to its long axis. The lamina is irregularly dissected, 
but from the published figures it is difficult to distinguish between 
original lobing and divisions due to tearing. The dichotoniously 
branched veins spread through the lamina from the centre of the 
base and are given off at a wide angle from the thick lower edge of 
the lamina. In Saportaea grandifoUa the petiole has a length of 
10 cm. and the rest of the incomplete leaf is 8 cm. long and 9-5 cm. 
broad: the second species S. salisburioides is represented by por- 
tions of similar but smaller leaves with a slender petiole. While 
comparing these fossils with Ginkgo the authors of the genus call 
attention to the peculiar features of the lower edge of the lamina 
• and of the venation. The general resemblance in leaf-form between 
Saportaea and Ginkgo is hardly sufficient to warrant any definite 
statement as to relationship and this Permian genus must for the 
present be relegated to the class of Plantae incertae sedis. 

DICRANOPHYLLUM. Grand’Eury. 

This genus was first described by Grand’Eury^ who, before the 
publication of the full description of the type-species, suggested 
the substitution of Eotaxites for Dicranophyllum^ the name finally 
adopted®. The genus is fairly abundant in the Upper Carboniferous 
rocks of France and occurs also in Portugal, Belgium, and Germany ; 
it has recently been recorded from England and is represented in 
the Goal Measures of the United States and Canada. It occurs in 
Permian strata in Germany but with a few exceptions the genus 
is characteristic of Stephanian beds. 

The systematic position of Dicranophyllum is far from settled; 
by many authors it is considered to be a member of the Ginkgoales 
and is compared also with the Taxeae. In all probability the 
genus is allied to the Cordaitales, though, as stated in the case of 
TTi(diopitgs, cmnx)t be assigned to a definite position in the 
Gymnosperms until we possess fuller information with regard to 
the reproductive organs or the anatomical structure. 

^ Corapt. Rend, V ol, lxxx. p. 1021 , 1875. 

3 Grand’Eury (77) A. p. 272, Pis. xiv., xxx. 


2 diKpavos, two-pointed. 
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In habit Dicranophyllmn resembles Lepidodendron ; it is an 
arborescent plant sparsely and irregularly though sometimes 
dichotomously branched; the leaves are crowded and spirally 
disposed, in some species persistent — ^in the sense in which the 
leaves of Araucana are persistent — while in others they probably 
fell at an earlier stage. The leaves (fig. 671) exhibit a wide range 
in size, in the amount of lobing and the angle of divergence of the 
segments ; there is no differentiation into a lamina and petiole 
nor are there any short foliage-shoots as in Ginkgo; the whole 
leaf is represented by a narrow lamina, in some species almost 
spinous, which consists in the basal portion of a simple linear 
'stalk' reaching in extreme cases a breadth of about 7 mm., 
attached by a decurrent base which persists as an elongated cushion 
closely resembling the leaf-base on some Lycopodiums or the 
projecting cushions of Picea {of. fig. 140, Vol. ii. p. 94). The 
cushions are contiguous and cover the surface of a branch as in 
Lepidodendron, but they are distinguished by the occurrence of 
the leaf-scar at the apex of the cushion in contrast to its sub- 
apical position in Lepidodendron, The typical form of the leaf- 
base is shown in fig. 671, A, but in Dicranophyllum Beneckianum 
Sterz. the transversely elongated leaf-scars are almost contiguous 
as in some species of Sigillaria. At a distance from the base 
varying in different species the lamina is divided into two, generally 
equal, branches that diverge at an acute or wide angle, and in 
most species each arm undergoes one or more bifurcations in a 
single plane. The whole leaf may reach a length of over 20 cm. 
In the basal portion of the lamina there are two or more parallel 
veins, but in branches in which the leaf-scars are w^ell preserved 
there is only a single vascular-bundle scar indicating a single 
leaf-trace up to the base of the lamina. Each segment of the 
leaf has usually two veins and the acutely pointed ultimate 
segments have a median vein. The so-called secondary or inter- 
stitial veins are no doubt due to the presence of hypodermal 
stereome strands. The DicranophylluM leaves are very 

similar to the deeply divided pinnae of Macrozamia heteromera 
(fig. 671 ; c/. fig. 396, F, Vol. m. p. 26). The branching of the lamina 
is generally regular but in several instances the subdivision is 
irregular (fig. 671, D). On young shoots the leaves may be 
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nearly vertical but in most species they become widely extended 
and on older branches may be reflexed as in some Lycopods 
(fig. 121, B, Vol. II. p. 35). There is some evidence that the pith 
was discoid as in Cordaites^, The microsporophylls are said to 
be borne in small ovoid strobili in the axils of foliage leaves, but 



Fig. 671. Bicrmiophyllum gallicum. A, piece of a stem showing leaf- 
cnshions. B — I), foliage -shoot and leaves. (After Grand’ Enry.) 

the only evidence as to their structure so far adduced is furnished 
by an imperfectly preserved specimen described by Zeiller^ 
associated with a shoot of Dicranophyllum robustum but not 
actually attached; this consists of a small axis expanded into 

^ Eehault and Zeiller (88) A. PL lxxi. figs. 3, 4. 

“ Zeiller (78) PI. x. figs. 1 o and 3. 
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a xadially segmented distal portion bearing some imperfectly 
preserved ovoid bodies on its lower face which are probably 
microsporangia. No spores are recorded. Zeiller compares this 
sporaiigiophore with the microsporophyll of a Taxus. On some 
stems small scale-covered buds occur immediately above the 
attachment of a leaf ; these are probably fertile shoots but we 
have no definite information with regard to their structure. Some 
specimens from Commentry^ demonstrate the occurrence of small 
oval ovules or seeds, 4x3 mm., along the length of ordinary 
leaves (fig. 672), and seeds are sometimes found associated with the 
basal portions of foliage leaves though not in organic connexion 
with them, except in an example described by Eenault from 
Aiitim as Dicranophyllum galhmm var. Parchemdneyi^. Some 
leaves of D. stnatimi^ are described as enlarged at the base and 
slightly concave as if to hold a seed, but if this supposition is 
correct it involves the admission of two types of seed-bearing 
organs within the genus. The more probable conclusion is that 
the seeds were borne along the length of the lamina of the sporo- 
phylls and on the expanded bases. 

Some specimens from Lower Cretaceous beds in Virginia 
described as Baiera foKosa^ resemble Bicmnofhyllum, but in view 
of the vast chronological gap between these beds and those in 
which Dicranophyllum occurs it is unlikely that the similarity 
has any significance. 

Dicmnophyllum galUcum Grand’Eury. 

This species, one of the two described by Grand’ Eiiry in 1877^, 
is the commonest representative of the genus ; it is characterised 
by persistent leaves with a base that is unbranched for a distance 
of 15—20 mm. and then bifurcates into two equal or approximately 
equal segments at an angle, of about 30° ; these reach a length of 
10 — 15 mm. and divide into two acute segments 8— 10 mm. long. 
There are three veins in the basal portion of the lamina, one of 
which branches below the dichotomy, and each of the divergent 
arms has two veins. The leaf-cushions are 2 — 3 times as long as 

^ Eenault and Zeiller (88) A. PI. LXXi. fig. 5. 

2 Eenapilt (96) A. p. 375. ® Renault and ZeiUer (88). A. p. 032. 

4 Eontaine (89) B. p. 213, PL xciv, fig. 3r Berry (11) PL lix. 

Grand’Eury (77) A. p, 272, Pis. xiv., xxx. Zeiller (80) A. PL lxxw. figs. 1 , 2. 
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broad and the median vein of the lamina is continued as a keel in 
the middle of the persistent base. The sporophylls have the form 
of foliage leaves and bear numerous 
ovules (fig. 672). This species is recorded 
from the coal-fields of the Loire, Com- 
iiientry, Gard, Brive^ and elsewhere; it 
occurs also in the Coal Measures of 
PortugaP. 

The specimens described by Grand’ - 
Eiiry from Gard as D. trijpartitum^, 'which 
I had an opportunity of examining in the 
Ecole des Mines, Paris, are not specific- 
ally distinguishable from D. galUctmi. 

A large decorticated stem of D. gallicum 

® ^ iicum. ( After Zeiilei* from 

in the Paris Collection recalls a decor- Renault; fnat. size.) 
ticated stem of Lepidodendron. Some 

imperfect specimens described by White^ from the Coal Measures 
of Missouri as Dicranophyllum sp. are compared by him with 
D. gallicum; one of them consists of a forked foliage-shoot with 
short and repeatedly bifurcate leaves illustrating the superficial 
resemblance between Dicranophyllum and Lepidodendron, An- 
other specimen shows an irregularly branched leaf which might 
equally well be referred to Trichopitys. 

Dicranophyllum lusitanicum (Reel), 

This species was first figured by Gomes® as Cyperites ? sp. on 
the ground of the similarity of the lamina to some fragments, 
probably of Lepidodendroid leaves, described by Lindley and 
Hutton^ as Cyperites hicarinata and subsequently included by 
Heer'^ in his genus Distrigophyllmn, In a note to his account of 
Mesozoic plants from Portugal Heer® renames the plant Distrigo- 
phyllum lusitamcum and compares it with Dicranophyllum gallicum 
Grand’Eury. De Lima.^ recognised the true nature of the speci- 
mens from the Stephanian of Portugal and published a full 

1 Zeilier (922) a. p. 96. 2 Lima; de (88) Pis. i., in. 

2 Grand’Eury (90) A. p. 335, PI. Yi. figs. 12 ; 13. 

^ White (99) B. p. 272, PI. XLi, fig. 10 ; PI Lxxm. fig. 1. 

® Gomes (65) p. 32, Pis. i., v. « Lindley and Hutton (32) A. PI. xliii. 

7 Heer (76) A. p. 39. » JMaf, (81) p. 11, footnote 1. 

® Lima, de (88). 
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description of the species. The leaves are 14 — 16*5 cm. long and 
2—4 mm. broad at the base; the lamina is once forked and the 
forks diverge at a very small angle as in D. longifolium Een. 
Exceptionally good specimens figured by Gomes and de Lima 
show numerous long leaves spreading radially in the matrix from 
a comparatively slender axis. In D. longifolium the leaves are 
given ofi at a much more acute angle. 

Picranofhyllum robustum Zeiller. 

This type^ is similar to D. gallicum but the leaves are only 
preserved in their basal portions ; the lamina is 5 — 6 mm. broad 
and bifurcates at a distance of about 15 mm. from the base at an 
angle of 20° — 30°. Ovoid buds occur in the axils of some of the 
leaves. It was in, association with this specimen from the Gard 
coal-field that Zeiller found the microsporophylls already described. 
The surface shows particularly well-preserved large and slightly 
depressed cushions 3 — 4 cm. long and 4 — 5 mm. broad. 

Bicmnofhyllum Benechianum SterzeP. 

In the form of the leaves this Permian species from Baden 
closely resembles D. gallicum ; it is chiefly of interest because of 
the almost complete absence of leaf-cushion; the leaf-scars^ 
characterised by their acute lateral angles^ are almost contiguous 
as in some species of Sigillaria, 

JDicranophyllum Richiri Renier^. 

In this Belgian Westphalian species the leaves are dichotomously 
branched into two linear segments at an angle of about 60° ; it 
differs from D. gallicum in the single bifurcation of the lamina, 
the wider angle of divergence, and in the feebler relief of the 
leaf-cushions. 

Dicmnophyllum anglicum 'KiABtoii, 

This, the only British species, has recently been described from 
the Westphalian beds of Staffordshire^ The crowded leaves, 
3-50 cm. long, are dichotomously branched three or four times into 
slightly spreading linear rigid segments with a maximum breadth 

1 Zeiller (78).. ^ Sterzel (07) p. 381, Pis. xiv., xv. 

® Renier (07) p. 186, PL xvn. figs. 3— 7 ; ( 10^) PL cxvii. 

^ Kidstoa (14) p. 170- PL XIV. figs. 3, 3 ex. ^ ^ ^ ^ ^ 
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■of 1*25 mm. The undivided portion of the lamina is about 7 mm. 
long. Kidston speaks of the rhomboidal outline of the leaf and 
the repeated dichotomy of the lamina as distinguishing features. 

Some fragments of forked leaves are figured by Schenk^ from 
the Coal Measures of China as DicranopJiyllum latum, but the 
material is too meagre for accurate determination. It is note- 
worthy that the broader type of Dicranophylhm leaf may easily 
be confused with an impression of a branched Stigmarian rootleh 
The narrower specimens described by Schenk from China as 
D. angustifolium’^ are also too fragmentary to be accepted as 
trustworthy evidence of the occurrence of the genus in the southern 
flora. 

Dicfanophyllum striatum Grand’Eury. 

This species like several others is founded on detached leaves^^ 
a circumstance that has led some authors to draw a distinction 
between species with persistent leaves and those with caducous 
leaves. There is^ however^ no good reason for assuming that all 
species were not of the evergreen type. The leaves of this species 
are characterised by their great length which may be 24 cm. ; 
the lamina is once or twice forked and is 5 — 6 mm. broad at the 
base, which contains 4 — 7 veins. 

Dicranophyllum longifolnmi Eenault. 

In this Commentry species*^ the leaves, which reach 14 cm. in 
length, are characterised by the very small angle of the divergence 
of the segments, 3^ as contrasted with a divergence of 30° in 
D. gallicum. The leaves are almost erect and twice bifurcate. 

In addition to Dicranophyllum Beneckianum Sterzel has de- 
scribed a second species, D. latifolium^, from the Lower Permian 
of Baden characterised by leaves similar to those of D. striatum 
but generally longer. The species is founded on leaves and is not 
a well-defined type. 

Two species are recorded by Lesquereux® from the Coal Measures 

1 Schenk (83) A. p, 222, PI. xm. : figs. 11, 12. 

2 JW. PI. XLII. figs. 17, 18. 

^ Grand’Euiy (77) A. p. 275. Renault and Zeiller (88) A. PI. lxxt. fig. 2. 

^ Renault and Zeiller (88) A. p. 531, PL lxxi. fig, 1. 

^ Sterzel (07) p. 391, PL xv. figs. 9—11. 

** Lesquereux (80) A, pp. 553, 554, Pis. lxxxitl, lxxxvii. 
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of Peimsylvania, but neither is represented by very satisfactory 
specimens: Dicfctnophylluni diehotomum Lesq. is founded on a 
dichotomously branched shoot bearing long and narrow leaves in 
the apical region only and very similar in appearance to Lepido- 
dendfon except in the branched lamina. The second species 
D. dimorphuni Lesq. is represented by leaves and branches, which 
however are not well preserved. The peculiar subdivision of the 
apical portion of the laminae suggests a simple leaf with a frayed 
termination. 

Dicranophyllum glabrum (Dawson). 

Under this name Dr Slopes^ has recently described a well- 
preserved leaf from the Westphalian series of New Brunswick. 
The specific name was fiirst applied by Dawson^ to specimens which 
he referred doubtfully to Psilophyton, The type-specimen is 9 cm. 
long and 3 mm. broad at the base and the lamina is repeatedly 
branched. This specimen bears a close resemblance to the leaf 
from Autun described by Renault as Trichopitys Milleryensis^. 

The imperfect specimens described by Dawson^ from Devonian 
rocks in Queensland as Dicranophyllum austraUcum and sub- 
sequently figured by Jack and Etheridge® consist of a slender 
axis, 3 mm. wide, with elongate leaf-bases bearing leaves 3 mm. 
long with two widely divergent apical segments like those charac- 
teristic of the sporophylls of Gomphostrobus. The fragments have 
no claim to be included in Dicranophylhim. 

There has been confusion between Dicranophyllum and Gom- 
phostrobus^ : as shown by drawings reproduced by Potonie^ of 
specimens of Gomphostrobus from the Permian of Thuringia, there 
is a close resemblance in habit between the two genera, but in 
Gomphostrobus the foliage-leaves are falcate and entire, while the 
bifurcate sporophylls differ from the leaves of Dicranophyllum in 
their widely divergent and small apical fork. 

Stopes (14) p. 79, P.l XVIII. fig; 47. 

2 Dawson (62) p. 315 : for otlxer references, see Stopes foe. cit 

3 Renault (96) A. p. 378; (93) A. PL Lxxxir. fig. 2. 

Dawson (81) A. p. 306, PL xm. figs. 15, 16. 

® Jack and Etheridge (92) B. p. 49. 

® Schenk (90) A. erroneously includes hijidus Geinitz, (73) 

PL in. figs. i m Dicranophyllum, See also Sterzel (93) A. p. 111. 

^ Potonie (93) A. PL xxvm. figs. 1, 2. 
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A foliage-shoot described by Eenault^ from Antun as Pinites 
2 )ermiensis/ though, too imperfect to be identified, is worthy of 
notice as possibly an example of Dicmnophyllum or Trichopitys; 
it consists of an axis 3 mm. in diameter bearing numerous spirally 
disposed leaves 3 cm. long, barely 1 mm. broad and triangular in 
section, at an angle of 45°. The leaf-cushions are elongate and 
slightly prominent. It is, however, impossible to decide whether 
this fossil should be referred to the Lycopodiales or to the Gymno- 
sperms. There is no evidence that the leaves are attached to 
short shoots and the use of the generic name Pinites cannot be 
justified by any trustworthy test. 

TEICHOPITYS. Saporta, 

Saporta^ proposed the generic name Tfichopitys in 1875 for 
some shoots from the Permian beds of Lodeve bearing long, narrow^, 
and deeply divided leaves ; he defined the genus as follows : 
^ Folia verosimiliter rigida cartilagineaque, dichotome partita 
etiamque pedato-partita, petiolo plus minusve elongate, sursum 
in lacinias 4 — 6, anguste lineares, uninerviasque dissecta^.’ Many 
palaeobotanists have followed Saporta in regarding Trichopitys 
as a member of the Ginkgoales, but the evidence in support of this 
view is by no means conclusive. The only species so far described 
that affords any information with regard to the habit or fertile 
shoots of the plant is the type-species T, heteromorpha (fig. 673). 
A fairly stout branched axis bears leaves varying considerably in 
size and form ; they may be long and filiform, apparently rigid, 
simple or deeply divided, or short and entire, and in some cases 
resembling the leaves of certain smaller species of Baiera except 
in the less regular forking of the lamina. In the axil of some foliage 
leaves are short, simple or branched, axes bearing seed-like bodies 
originally described as buds and afterwards regarded as seeds. 
A specimen figured by Zeiller^ from Lodeve (fig. 673) shows a 
branched axillary shoot bearing several small ovules comparable 
with an abnormal ovuliferous shoot of Ginkgo (cf. fig. 631, D). 

1 Renault (96) A. p. 377 ; (93) A. H. Lxxxn. fig. 1. 

^ Saporta (75) p. 1020. 

3 /6a. (84) p. 263, PI. CEH. fig. 1. 

‘ ZeiUer (00^) B. p. 254, fig. 182. 
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Eeiiault^ lias figured a portion; of a large leaf from Autun as 
Trichopitys Aiilleryensis which, may belong to the closely allied 
genus Dkmnopkyllum ; it is 12 cm. long and 3 mm. broad at tbe 
base ; the narrow basal part of the lamina has three parallel veins 
and forks into two arms, each of which again branches into 
divergent linear segments. The leaf is larger and broader than 
the leaves of T, heteromorpha and agrees very closely with those of 
some species referred to Dicranophyllum : the fact that the branch- 
ing of the lamina is not absolutely regular cannot be accepted as 
a constant difference between Dicranophylhim and Trickopitys: 
the leaves shown in fig. 671, which were found attached to un- 
doubted Bicmmphyllum branches, are no more regular in the 



Fig. 673. Trickopitys keteromorpka, (After Zeiller,* f nat. size.) 

forking of the segments than T, Milleryensis, and a leaf recently 
figured by Dr Stopes^ from New Brunswick as Dicranojohyllmn 
glabrum (Daws.) bears a close resemblance to Eenault’s figure. In 
some cases the more regular dichotomy of the leaves is a charac- 
teristic of Dicranophyllum, but it is not a constant feature. Some 
imperfectly preserved specimens figured by White^ from the Coal 
Measures of Missouri as Dicmnophyllum sp. bear irregularly 
branched leaves which are hardly distinguishable from some of 
those on Saporta’s type-specimen of TricJiopitys hetefomoTpha. 

^ Renault (93) A. PI. Lxxxn. fig. 2; (96) A. p. 378. 

2 79^ PI. xvjn* fig. 47 . 

® lyhite (99) B. p. 272, PI, XLX. fig. lOnPt rxxni. fig. n 
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In the present state of our knowledge it is impossible to give a 
satisfactory definition of the genus or to state precisely on what 
grounds it is separated from Dicmnophyllunh In Trichopitys, 
as represented by T, heteromorpha, the leaves are more variable 
in form than in Diamnophyllum and less regular in the subdivision 
of the lamina; there are no persistent leaf-bases like those of 
Bicranophyllum, but this is a character that could not be seen in 
imperfectly preserved or partially decorticated specimens. A more 
important difference would seem to be that in TricJiopitys the 
seeds are borne on special axillary shoots, while in DicfanopIiyUimi 
they occur on ordinary leaves. Such evidence as we have suggests 
that Trichopitys is a Gymnosperm possibly allied to the Cordaitales 
and Ginkgoales, but the facts hardly justify its inclusion in either 
group. Its affinity to DicranopJiyllum cannot be definitely deter- 
mined though in all probability the two genera are closely related 
if not indeed generically identical. 

Saporta included in Trichopitys two Jurassic species, T, lacini- 
ata, originally referred to the genus Jeanpaulia, and f. Lindleyam ^ ; 
in the latter species he included the specimens doubtfully assigned 
by Lindley and Hutton to Solenites as Solenites ? furcata^. These 
and other Jurassic leaves that are referred by some authors to 
Trichopitys are usually regarded as examples of Baiera^ ; there are 
no adequate grounds for believing them to be closely related to 
the Permian Trichopitys, 

Zeiller^ records a fossil from Triassic beds in Madagascar that 
he thinks may be an example of Trichopitys, 

SEWARDIA. Zeiller. 

This generic name was proposed by Zeiller in place of Withamia- 
which, in ignorance of its previous use, I employed for some 
specmiens from the Wealden rocks of Sussex. The inclusion of 
a second species, Bewardia longifolia, necessitates an extension of 
the definition of the genus to include spinous branches bearing 
spirally disposed leaves or leaf-like organs, either orbicular and 
entire or fan-shaped and deeply divided, in the axil of recurved 
spinous processes. 

^ Saporta (84) PL clv. figs. 1—9. ^ Lindley and Hutton (S7) A. PL 209. 

3 Seward (00) B. p. 266. > Zeiller (IP) p. 234. 
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Sewardia latifolia (Saporta), 

1849. Otozamites latifolia l^rongmeirt, TaMeaxi, "p. 10^. 

1872. Sphenozamites latifolius Schimper^, Traite, Vol ii. p. 163. 

1875. CycadoracMs armata Saporta, Plant. Jurass. p, 196, PL 117, fig. 1. 
1895. Withamia armMa Seward, Wealden Flora, Vol. ii. p. 174, PI. ir. 
figs. lj> 2; PI, V. fig. 1. 

1900. Sewardia latifolia Zeiller, Elements Paleobot. p. 233. 

This species is represented by woody axes, about 1 cm. in 
breadth reaching a length of 50 cm., from the Wealden beds of 
Sussex, bearing more or less orbicular, entire, leaves or leaf-like 



Pio. 674. Sewardia latifolia* Axis (A) and single leaf (B). (British 
Museum; f nat. size.) 

organs, 6 cm. or more long, in the axil of stout recurved spinous 
processes (fig. 674, A, B). The leaves are sessile and the venation 
is of the Gycioptefis type. Spinous axes of the same form had 
previously been described by Saporta from Kimeridgian rocks in 
France sls CycadoracMs armata, but these show no indication of 
leaves and were regarded as Cycadean. In a letter written to me 
in 1895, shortly before his death, the Marquis of Saporta^ suggested 

L See also Saporta (75) A. p. 188, Pis. 112, 113. ^ Seward (95) A, p. 175. 
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the generic name Acanthozmnites as a substitute for GycadoracJiis 
ill view of the new data afforded by the English material, but it 
seemed preferable fco adopt some provisional name which did nol 
imply affinity to the Cycads. The leaflets described by Saporta 
as SpJienoza mites laPifoUus are apparently identical with those 
found in the English beds, but none of the French specimens were 
attached to a supporting axis. The relation of spines and ' leaves’ 
suggests that the latter may be phylloclades borne in the axil of 
modified spinous leaves, but their morphological nature cannot 
be determined. In this connexion attention may be called to 
DioncopJiyllum Tholloni BailL a West African shrub which bears 
on the long shoots leaves 2 — 3-| inches long each of which has a 
pair of strong revolute hooks at the apex: in the axils of these 
leaves are short shoots with larger leaves without hooks. It is 
suggested^ that the apparent lamina of the hooked leaves is a 
winged petiole, the hooks representing lateral leaflets. 

Sewardia longi folia (Saif eld). 

This species was described by Salfeld'^ from the Solenhofen 
beds (Upper Jurassic) of Bavaria as Baiera? longifolia Heer: it 
is founded on branches nearly 30 cm. long bearing large fan- 
shaped deeply divided leaves, or leaf-like organs, in the axils of 
recurved spines similar to those in 8. latifolia. The deaves’ are 
identical in habit with those of some species of Baiera, but we 
have no information with regard to the structure of the epidermis. 
In yiew of the uncertainty as to the morphological nature of the 
ileaves or their relationship to leaves of Baiera, it is inadvisable 
to adopt a generic title that implies affinity to the Ginkgoales. 


^ Sprague (16). 


2 Salfeld (07) B. p. 195, Pis. xx., xxi. 




Fig. 674*. Sequoia sempervireiis. Near Crescent City, California. (From 
a photograph by Professor A. Henry.) 


CHAPTER XLIII. 

COKIFERALES (RECENT). 

The ConiferalesAy far the largest section of the Gymnosperms/ 
present considerable difficulty to the student of fossil plants. 
There is great divergence of opinion with regard to the relative 
antiquity of the several families, and their position in an evolu- 
tionary series. The Abietineae are by some botanists regarded 
as the most primitive; on the other hand, and this is the view 
that in my opinion receives most support from the available 
evidence, it is held that the Araucarineae are both the most 
primitive and the oldest representatives of the Coniferales. Until 
recent years the study of fossil Conifers has suffered neglect and 
little help has been afforded by palaeobotanists to the solution of 
the morphology of the ovulate shoots of the different genera, a 
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problem that has long exercised the ingennity of iiiyestigators. 
The view expressed by J effrey^ that recent work on fossil Conifers 
corroborates the interpretation of 'the seed-bearing scales as 
metamorphosed shoots is based on facts furnished by a study of 
vegetative organs^ which in themselves do not afford any decisive 



Pig. 675. A, B, Phyllocladus trichomanoides. Oy P. hypophylh. B, E, Megastro- 
bilus and seed of Phyllocladus alpma ; a, arillus. [A~0 from specimens in 
the British Museum; B, E, after Miss Robertson (Mrs Arber.)] 


evidence as to the morphology of reproductive shoots. In view 
of these considerations it is important that an attempt should be 
made, even at the risk of disproportionate treatment, to give a 
general account of recent genera which, though necessarily far 
A- Jeffrey (10) p. 33L 
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from complete, may afford assistance to students prepared to 
undertake a critical study of the fragmentary records of the rocks. 

Conifers are trees or shrubs exhibiting a fairly wide range in 
habit ; the ' great ones of the forest ’ such as the Sequoias (fig. 67 4"^), 
the sugar Pines {Pinus Lamhertiana) and Douglas Firs {Pseudotsuga 
Bouglasid) of the Rocky Mountains, Taxodkim mueronaturn^ oi 
Mexico, remarkable for its enormous bulk, the tall and slender 
Cypresses, the less formal Podocarps of the southern hemisphere, 
the shrubby Junipers, the dwarf Dacrydium laxifolium^ of New 
Zealand afford examples of recent types. In most species the 
leaves are small and crowded, not infrequently dimorphic, and in 
Phyllocladus (fig. 675) reduced to inconspicuous and caducous 
scales subtending phylloclades. Agathis is exceptional in having 
narrow ovate leaves reaching a length of nearly 20 cm. (fig. 695) 
and a similar but smaller leaf is characteristic of some species of 
Podocarjms (fig, 676). The presence of long and short shoots is 
a striking feature of Pinus, Larix, Pseudolarix, Cedrus, and 
Sciadofitys : the short shoot, as Goebel says Hakes no part in 
the construction of the permanent skeleton of the tree^.’ The 
whorled arrangement of leaves characteristic of several Cupres- 
sineae and the Callitrineae is not a constant feature and, as in 
Lycopodium, both whorled and spiral foliage may occur on the 
same shoot. 

Conifers are monoecious or dioecious ; the microsporophylls and 
megasporophylls are borne spirally or in whorls on separate shoots, 
and in some genera on separate trees, except in the case of abnormal 
bisporangiate strobili^. Proliferous cones are not uncommon in 
some genera : the prolonged axis of the cone oi Cry ptomeria 
japonica shown in fig. 677 bears microstrobili in the axils of the 
small leaves. The microstrobili are for the most part constructed 
on a uniform plan ; they are usually short-lived, small shoots, and 
each microsporophyll often coiisisbs of a slender axis bearing two 
microsporangia on its lower surface and prolonged as a small 
upturned distal expansion. In Pinus the sporangia dehisce 
longitudinally, while Abies {fig, 684, B) affords an example of 

^ (7Aro». Nov, 26, 1892, p. 648. 

^ Rooker.J.B, {62)1^1 SU, » Goebel (05) p. 444. 

* For examples see Sterzel (76)r Bichler (82) ; Worsdell (04) ; Baitlett (13) ; 
Sbaw, W. R. (96) ; Robertson (06); Renner (04) Bayer (08) ; etc. 
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transverse dehiscence. The microstrobili of Cedrus are similar 
but longer. In Torreya (fig, 684^ D), Taxodmm, Widdfingtonia^ 



Fig. 676. Podocarpm laUfolia. (| nat. size.) M. S. 



Fig. (>77. GryptomeHa japonica* Proliferous cone. (Nat. size.) 

and some other genera there are 4—6 microsporangia on each 
sporophyll. In Araucaria a,nA Agathis there may be as many as 
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10 — 20 sporangia, longer and relatively narrower tlian in other 
genera and attached by one end, in contrast to the more complete 
union of sporophyll and sporangium 
in Pinus. In Araucaria Muelleri and 
A. Eulei (fig. 678) the microstrobili 
reach a length of 25 cm. : in excelsa 
and A. CooMi they are much smaller 
(fig. 679, A, B). In Taxus 4 — 7 spor- 
angia are radially disposed on the 
inner face of a flat distal expansion. 

The microstrobili of Cunninghamia^, 

Pseudolarix^, and Keteleeria are borne 
in umbels, while in Qryptomeria and 
Taxodium^ they occur in spikes. The 
microspores may be winged or wing- 
less: in the Abietineae there are as a- 
rule two conspicuous wings or bladders 
(fig. 684, B), but the spores of Pseudo- 
tsuga are wingless and in Tsuga hoth 
types occur. In Microcachrys^ the 
wings vary from 2 to 6 (fig. 684, C) 
and in Dacrydium^ and Podocarpus^ 

(fig. 684, A) there are 2 or 3 small 
bladders. In Taxus, CepJialotaxus, 

Torreya, Sciadopitys, the Cupressineae, 
and some other Conifers there are no 

prothallus cells : the microspores of the Abietineae are character- 
ised by the occurrence of 2, or occasionally 3 or 4^, evanescent 
prothallus cells (fig. 684, B) ; in Dacrydium there are 4 — 6 prothallus 
cells ; in Microcackrys 3 or 4 ; in Podocarpus (fig. 684, A) as many 
as 8, while in Araucaria 15 cells have been recorded and as many 
as 30 nuclei. The two male gametes are non-motile. 

The term Conifer though appropriate as regards the majority 
of the plants so styled is misleading in the case of several genera 

^ Siebold (70) PL cni. ^ Boi. Mag. Jan. 1908. 

» Ga/rd. Ghron. Nov. 25, 1893, p. 659. 

4 Thoinson (09).^^^^ ^ ^ ^ ® Young (07). 

® Jeffrey and Chrysler (07); see also Thibout (96); Burlingame (08); (13); 

M.5h Sinnofcfc (13). ’ Hutchinson (14). 


B 

Fig. 678. Microstrobilus of 
Araucaria excelsa (A) and 
Araucaria Rulei (B). (After 
Seward and Ford ; A, nat. 
size; B, | nat, size.) 
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which possess ovulate shoots differing widely from cones as the 
term is generally understood. The cones of Amucana (figs. 680^ 
■681) and AgatMs reach a considerable size; those of Amucarm 
Bidtvillii^, similar to some cones of Encephalartos, may be 28 cm. 
in diameter and in some species of Agathis^ they exceed 11cm. 


A B C F 



Fig. 679. A, Armicaria Coohii var. luxuriant. B, A, GooJcU, C, Araucaria CooJcii, 
microstrobilus. J), E, Araucaria Muelleri, part of a microstrobiiiis and a single 
sporophyll; fs, microsporangia. 'F, Araucaria Montana, branch. (After 
Seward and Ford.) 

and are 14 cm. long. The cone-scales of are flat, woody 

structures bearing a single ovule (fig. 682) : in Argiwcma the 
single seed is embedded in the scale, and a more or less prominent 
appendage, the ligule, forms a characteristic feature (fig. 683, 1). 

^ Gard. Ghron. April 14, 1894> p. 465. 

2 Seward and Ford (06) B. 




Fig. 681. Araucaria Cunningharnii, cone. (After Seward and Ford 
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Araucaria hrasilieusis, cone, (f nat. size; from a specimen 
in the Boyal Gardens, Kew.) 
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The cone-scales ef some species, e.g. A. Cookii, A, excelsa (fig* 
683, A, D) are flat and laterally winged, while in A, bmsiliensis 
the thick distal ends closely resemble those of the seed-scales of 
some Pines : the cone-scale of A. imbricata is larger and deeper, 
and that of A. Bidwillii broad and woody (fig. 683, B, C). In 
Pinus, with cones reaching a length of 2 feet, the mature scales 
are apparently simple like those of the Araucarineae: the distal 
end is broad and rounded (P. silvestris) with a central umbo or. 



Fig. 682. A, Agathis Moorei, cone-scales; s, sear of seed. B, Agathisloranthi folia, 
section of ovule showing integument, nucellus, and megaspore with three 
archegonia, also part of the cone-scale with a projection close to the base of 
the ovule. (After Seward and Ford.) 

as in P. Coulteri, the umbo is prolonged as a strong recurved spine, 
while in P. excelsa (fig. 704) and P. Oemftra the scales are flatter 
like those oi Picea. In the young Pine cone each scale is clearly 
a double structure consisting of a lower portion, the bract or 
carpellary scale, and an upper portion, the ovuliferous scale, 
bearing two ovules. In the course of development the seminiferous 
scale alone increases in size, and the bract-scale is hardly visible 
in the ripe cone or is represented by a small remnant/ In Abies, 
LariXy Pseudotsuga the dual nature of the scales is obvious at 

8 


« rv 
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maturity, the bract-scale usually extending beyond the edge of 
the seminiferous scale (fig. 705), in Ahies bracteata reaching a 
length of 5 cm. In Sequoia (fig. 702 B) the cone-scales show no 
outward sign of a double structure, but each scale contains two 



Fig. 683. Cone-scales of Araucaria Cookii {A)yA. imbricata (B), A. BklwUlii (C), 
and eaw/sa (I), E); hligaie. ( After Seward and Ford.) 


sets of bundles, the lower being normally orientated as in a leaf 
and the upper vascular strands inversely orieptated (c/. fig, 684, K). 
The occurrence of these two sets of bundles is often quoted in 
support of the view that the double cone-scale of the Abietineae 



xLin] 


MORPHOLOGY OP COHES 


115 


represents the lowest term of a series, the upper end of which is 
represented by the scales of Agathis which, have lost all external 
signs of their supposed dual nature and retain only the inversely 
orientated bundles as evidence of their descent from an ancestral 
type in which the ovuliferous and bract-scales were separate 
organs^. The scales of such genera as Sciadopitys, AtJirotaxis, 
Cryptomeria (fig. 684, S, N, M), on this hypothesis, occupy an 
intermediate position. The seminiferous scale of the Abietineae 
is considered by many botanists to be a leaf or leaf-like organ 
borne on an axillary shoot subtended by a bract, and it is believed 
that the simple scale of AgatMs has been produced by the 
gradual fusion of two originally distinct organs. The ligule of 
Araucaria is held to be the outward and visible sign of the semi- 
niferous scale that has almost lost its individuality, and with this 
ligular relic are homologised the upper half of the scale of Sequoia j 
the deeply toothed upper part of the scale of Gryptonieria (fig. 
684, M), the rounded ridge on the abaxial side of the seeds in 
Atkrotaxis (fig. 684, N), the membranous outgrovi}h on the scales 
of Cunninglianiia (fig. 684, K, m), and the seminiferous scale of the 
Abietineae. It has been pointed out in support of this hypothesis 
that two vascular bundles are given ofi from the axis of a Pine cone, 
one of which forms the bract-scale bundles and the other the 
vascular supply of the seminiferous scale^. 

In a recently published paper on the vascular anatomy of the 
megasporophylls of Conifers by Miss Aase^ additional facts are 
given with regard to the origin and behaviour of the vascular 
bundles of the cone-scales. In the upper part of a cone of Pinus 
maritima the bract-supply arises as a single bundle at the base of 
a gap in the stele, and the bundles of the seminiferous scale are 
given off from the sides of the gap above the point of origin of the 
bract-bundle: in the lowest sporophylls, on the other hand, the 
bract and scale-bundles have a common origin. A separate origin 
for bract and seminiferous scale-bundles is recorded in several 
Abietineae and in some other Conifers. The origin of the vascular 

^ For references to literature on tlie morphology of cones, see Coulter and 
Chamberlain (10); Worsdeil (04) ; Rendie (04); Lotsy (11); also Celakovsky (82) ; 
Kramer (85) ; Bayer (08) ; Aase (15). 

2 WorsdeH (99). , ^ 

8—2 
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Fig. 684. A, B, C. microspores of Podocarpus Toto/m (A), Pinus Laricio (B), Micro- 
cachrys tetragona (G). I), E, mierosporopliylls of Torreya calif ornica (D) arid Abies 
alba (E). Megasporopliylls etc. of Podocarpus spicata(E) ; P. Tofara (G). o, ovule ; 

P. 7ieriifoUa (B.); P, imhricata (I), o, ovule ; Gtmninglmmia si 7 iensis (K)f 
m, membrane; Gryptomeria(L, M). N, 0, megastrobiliisandseed of 
laxifolia. P, megasporopliyir and seed of Dacrydium Balmisae ; a, epimsAiuxa. 

Q, seed of Gupressus sempervireiis, R, S, megasporopliyll oiSciadopitys ; a, ovu- 
lif erous scale ; h, bract-scale. T, megasporophyll of M icrocachrys ; a, epimatium . 

- , v, strands, r After Burlingame 
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supply of the double coiie-scale is, however, not constant even in 
the same cone, and in Amucaria Bidwillvi^ each cone-scale is 
supplied by two separate strands from the vascular axis though 
in other species a single bundle enters the cone-scale and divides 
later. It would appear, therefore, that the single or double origin 
of the lower normally orientated bundles and of the upper set of 
inversely orientated bundles is far from constant, and the data 
derived from anatomical study do not afford a satisfactory means 
of determining the morphological nature of the cone-scales. It is 
held by Jeffrey and his school that the Abietineae represent the 
oldest members of the Goniferales and that the Araucarineae are 
a more recent development, the apparently single cone-scale of 
Afaucaria dinA Agathis being derived from the double cone-scales 
of the Abietineae. Some botanists, e.g, Vierhapper^, while 
believing that the seminiferous scale of the Abietineae is an organ 
belonging to an axillary shoot subtended by a bract-scale and that 
the cone-scales of other Conifers are also double structures, whether 
or not externally divided, regard the Araucarineae as earlier in 
origin than the Abietineae. If the cone-scales of the Araucarineae, 
to take the extreme type, are in origin double and homologous 
with the obviously double cone-scales of the Abietineae it is more 
logical to regard the Abietineae as the precursors of the Araucari- 
neae. The evidence afforded by fossils in my opinion lends strong 
support to the greater antiquity of the Araucarineae, and I venture 
to believe that no adequate reasons have been given for regarding 
the cone-scales of the Araucarineae as other than simple leaves 
bearing ovules. If, as seems probable, the Coniferales are mono- 
phyletic in origin the cone-scales of the different families are in 
all probability variants of a common type and, in opposition to 
the view which is most in favour, I regard the double cone-scales 
of the Abietineae and the corresponding organs of other Conifers 
which afford evidence of a double structure as derivatives of a 
simple form of sporophyll strictly comparable with the sporophyll 
of Lycopodium^, the placental outgrowth assuming an increasing 
degree of individuality in the different lines of evolution illustrated 
by various types of strobilus. It is noteworthy that the transition 
from foliage leaves to megasporophylls in the Araucarineae is 
^ Worsdell (99)* - Vierhapper (10)* 
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often very gradual in contrast to the much more sharply defined 
break between leaves and scales in most of the Abietineae and 
maiiy other Conifers. The cone-scales of the Abietineae are 
recognised as more complex and more recent developments, the 
seminiferous scale being an excessively enlarged placental out- 
growth from a megasporophyll, while in the intermediate types 
such as Sequoia, Cryptomeria, and others the separation between 
the two parts of the cone-scale is much less complete^. This 
morphological question is too complex to discuss fully in a 
general summary: students should, ho’wever, be warned that 
several botanists do not agree with the opinion that is here 
expressed. It is at least fair to add that the views expressed 
by Prof. Jeffrey and his pupils wuth regard to the relative positions 
of the Araucarineae and the Abietineae in an evolutionary series 
are stated with an assurance w^hich is misleading to those unfamiliar 
with the nature of the evidence^. 

In Saxegothaea (fig. 685), Dacrydium (fig. 684, P), and some other 
genera each ovule is surrounded by a cup-like integument (fig. 684, 
T a), formerly called the arillus but recently styled the epimatium® ; 
this is by some authors considered to be the equivalent of the 
seminiferous scale. 

This inadequate account may serve to call attention to a complex 
morphological problem which has an important bearing on questions 
connected with the relative positions of the several genera. It w^ould 
be out of place to enter fully into this difficult subject, but it is one 
that demands careful attention by students of extinct types. 

The number of seeds borne on each scale is an important 
feature in the recognition of genera. In the Abietineae each 
scale usually bears two seeds though it is not uncommon to find 
single-seeded seminiferous scales such as those of Pinus monophylla 
(fig. 686, A--C) in which there is a deep cavity showing that the 
seed was partially embedded in the supporting organ. Such a 
scale might, as a fossil, be easily mistaken for an Araucarian cone- 
scale. In Cunninghmnia there are three seeds to each scale (fig. 
684, K); in AtJirotaxis and Oryptomeria 3—6 ; in Sequoia 6 ; and 

^ EicWer (81).;' 

2 For a recent discnssion on the origin and relationship of the Araucarineae see 
Burlingame’s paper {15^) which appeared after this chapter was written. 

3 r» 
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Fio, 685. SaxegoiJiaea conspicm. Section of ovule ; 7i, nueelliis ; f, integument ; 
stf stigma-like apex of nucellus; o, epimatium; c, young megaspore. (After 
Stiles.) 



Fig. 686. A — 0, Pimis monopliylla, cone-scales with two seeds (A), one seed (B), 
and in distal view (C). D, E, Taxodium cone in surface-view (0) 

and section (E); seed. P, Taxodium disUohmn, (From specimens in 
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ill Sciadopitys 7—9. Fig. 686, E represents half a cone of Taxodimn 
in which the distallj expanded woody ends of the scales are tightly 
joined by their edges and form a hard case enclosing as in an 
ovary several angular seeds, the slender stalks being shrivelled 
and inconspicuous. The cones of the Cupressineae and Calli- 
trineae are characterised by a whorled arrangement and a com- 
paratively small number of the scales. In Cupressus the cones 
are oval or spherical and each scale bears 6—20 seeds: in the 
Callitrineae the cones are valvular (figs. 703, 762, B — ^D) and the 
scales vary from 2 to 3 in Callitris and from 
7 to 8 in Widdfingtonia. The small cones 
of Saxegotliaea consist of one-seeded mega- 
sporophylls which become fleshy and par- 
tially concrescent (fig. 687) ; in Juniperus 
the strobilus has the appearance of a berry ; 
in MicTOcaclwys the leaves pass gradually 
into the single-seeded verticillate megaspo- 
ropliylls, each with two vascular strands^ 

(fig. 684, T) and an epimatium, a, on one side 
of the ovule ; in the ripe cone the mega- 
sporophylls are fleshy but not connate as in 
Saxegothaea^. In Dacryddum the megaspo- 
I rophylls difler but slightly from the foliage 

I leaves in some species, e.g, in D. Balansae 

; (fig. 684, P) a single leaf at the apex of a 

branch bears an ovule partially covered by 
' a hood-like epimatium. In Toneya^ a very 

short shoot in the axil of a leaf bears two ^ ^ 

Fig. 687. Saxegothaea con- 

bracts and each subtends an ovule and two spicua. (After Stiles.) 
pairs of bracteoles. The seeds of T. cali- 
fornica, which may be 4 cm. long, are enclosed by a thick integument 
diflhreiitiated into a sarcotesta and sclerotesta surrounding a 
ruminated endosperm (fig. 688) : there is a ring of vascular bundles 
at the limit of the free part of the integument and this is regarded 
by Oliver^ as homologous with the tracheal plate at the base of 

i 



' Worsdell (99). 

2 Stiles (08) ; Noren (08) ; tison (09) ; Bot. Tab. 8664 (1916). 

3 Robertson (04); (07). ‘ Oliver(02); (03). 
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the imcellus of Cycadean seeds. The portion of the Tofreya seed 
(fig. 684, V) below the free part of the nucellus has, according to 
Oliver, been produced by the intercalation of a new basal region 
that has pushed up the chalaza. Cefhalotaxus'^ has pluni-like seeds 
similar to those of Torreya. In Phyllodadus^ (fig. 675, E) an ovule 
enclosed in a papery epimatium occurs in the axil of a succulent 
bract, and in Taxus a terminal ovule is borne on a short shoot 



Fig. 688. Torreya niidfera, transverse section of seed; a, ariiliis; v, vascular 
tissue ; outer zone of integument in which the hard shell will be formed ; 

inner part of integument; mit\ wall of megaspore; %, nucellus; ps^ * 

thallus, (After Oliver.) 

without any megasporophylls. In Podocarpus^ the megasporo- 
phylls are few and a part or whole of the reproductive apparatus 
is fleshy : the strobilus of P. Totam {S.g. d84, G) consists of 3 — 4 
bracts two of which are usually fertile. Similarly the strobilus 
of P. imhficMa is formed of 2— -4 bracts with swollen bases forming 
the receptacle; in the section shown in fig. 684, I, one bract is 

1 Garcl Ckron. Oct. 14, 1895, p. 717. ^ Robertson (06). 

® Pilger (03); Brooks and Stiles (10); Stiles (12) ; Gibbs (12); Sinnott (13). 
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fertile and its apex overtops the ovule^ while a second bract is 
sterile. Fig. 684, H shows the strobilns of P. neriifolia in which 
the lowest bracts are leaf-like and the swollen bases of the upper 
bracts are fused vdth the axis and each other to form a receptacle 
analogous to the flower-axis of Anacardium. P. spicata has a 
long loose strobilns bearing several ovules (fig. 684, F.) ; and in 
P. Nagi a single seed occurs on an axillary branch bearing small 
decussate scales : the flesh of the seed is formed from the epi- 
matium, and the sclerotesta from the integument. 

The seeds of Conifers vary greatly in size and shape : those of 
some species oi Pinus and several other Abietineae have a large 
wing while others are wingless. The absence of a wing in a fossil 
seed does not necessarily denote an original feature. The seeds 
of Cedrus, Abies, Picea, Pseiidotsuga, Keteleeria and Tsuga are 
winged. Gliick^ calls attention to differences in the relation of 
seed to wing in certain Abietineae: in Picea the base of the wing 
covers the seed like a spoon ; in Abies, Larix, and Cedrus the seed 
lies in a pocket formed by the enclosing wing, while in Pinus the 
wing embraces the seed like a pair of pincers. In Agathis (fig. 
682, A) there are two very unequal wings. The much smaller seeds 
of many Conifers have 2—3 wings : in Cupressus they are more 
or less equal (fig. 684, Q), in Libocedrus and Fokienia markedly 
unequal; in Fitzroya and CunningJiamia there are 2 — 3 wings. 
Our knowledge of the relative vitality of Conifer seeds is meagre^, 
and from the point of view of the possibilities of dispersal further 
research is desirable. The viviparous habit of Rhizophom and 
other Mangrove Dicotyledons, believed by Guppy^ to be a primitive 
feature, is recorded in P^)d<9caf^^f5 

The relation between nucellus and integument is less uniform 
in Conifers than in Oycads. In some genera, e.g. Agathis (fig. 
682, B), Dacrydium, Phyllodadus, Fitzroya, CaUitris and a few 
others the nucellus is free from the integument to the base ; in 
Podocarpus the relation is variable ; in Pinus and other Abietineae, 
in Torreya (fig. 684, V) and some other genera the nucellar apex 
alone is free. The free summit often has the form of a steep cone : 
in Araucaria^ Si,ixd to a greater degree in Saxegothaea (fig. 685, st) 

^ Gliick (02) p. 402. ^ Coker (09). ® Criippy (06). 

4 T,lnv4 mv 5 Seward and Ford (06) B. 
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this protrudes through the micropyle : in Fitzfoya patagomca the 
prolongation of the integument as a micropylar tube with a stigma- 
like terminal expansion is particularly striking. There is no 
regular pollen-chamber as in Cy cads and CTinkgo, but in Pseudo- 
tsugcP a two-storied chamber, analogous to the pollen-chamber, is 
formed by a knee-like bend in the integument. A peculiar typ'fe 
of pollination characterises Araucaria: the microspores germinate 
on the ligule or on the megasporophyll and their tubes grow oyer 
or into the scale- tissues on their way to the ovule^. The archegonia 
of Conifers usuaHy occur at the apex of the pro th alius and are few 
in number, they are separated by a few layers of cells (Abietineae) 
or form a compact group (Cupressineae). In some Podocarps 
there may be as many as 14, in Taxodmm 34, in Agalliis 60, 
irregularly distributed on the sides of the prothallus. In Widdfing- 
tonia^ 100 archegonia are recorded occupying a lateral position ; in 
Actinostrohus^ Saxton has discovered groups of laterally placed 
archegonia. In Sequoia^ the archegonia are also numerous and 
not confined to the apex. It is an open question whether or not 
the greater number and irregular disposition of the archegonia 
are primitive features. The occasional occurrence of lateral 
archegonia in Pinus may be a revival of an older habit. 

Classification. 

The result of recent research into the morphology and life- 
histories of genera demand certain changes in the generally 
adopted grouping. The following classification is an attempt to 
give clearer expression to the inter-relationships of existing 
genera^. Arnoldi'^ proposed to withdraw Soiadoqntys from Sequoia, 
Taxodium, and other members of the Taxodineae as the type of a 
separate family ; he also suggested the isolation of Sequoia. The 
more recent work of Coker ^ and Law^son® favours the removal of 
Taxodium and Cryptomena to the Cupressineae. Miyake’s re- 
searches^^ point to a similar aiffinity in the case oi Gunninghaniia. 
The genera Athrotaxis, Fohienia, and Taiwama are placed tenta- 
tively in the Cupressineae. The family-name Callitrineae, first 

^ Lawson (09). 4* Thomson (07) ; Eames {13); Bniiingame (13) ; (15). 

® Saxton (10). ^ (13). ^ Shaw, Wh R. (96); Arnoldi (01). 

^ See also Saxton (13^). ^ Arnoldi (01); Lawson (10); Radais (94). 

® Coker (03). ^ Lawson (04). > Miya 
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used by Masters, has been revived by Saxton^ to give expression 
to the distinctive characters of Cctllitris, Widdringtoniaj and 
Actimstrohus. Saxton’s work on Tetraclinis leads him to assign 
it to the Cupressineae. Pilger^ makes Phylhcladiis the sole genus 
of Phyllocladoideae, while Miss Eobertson^ includes it in the 
Podocarpeae though recognising leanings towards the Taxineae. 
It should be stated that the changes in classification suggested 
are based mainly on characters of the gametophyte though 
anatomical and vegetative features ha.ve not been entirely 
neglected^. 

I. AEAUCAEINEAE, Agatliis, Amiicaria. 

II. CUPEESSINEAE- Gupressus, Chamaecgparis, Libo- 

cednis, Thuyas Juniper us, Fitzroya, Disehna, Thujopsis, Taxodium, 
Glyptostrobus, Gryptomeria, Cunningliamia, Taiwania, Fohienia, 
Athrotaxis, Tetraclinis. . 

III. CALLITEINEAE. Gallitris, AcUnostrobus, Widdring- 
tonia. 

IV. SEQUOIINEAE. Sequoia. 

V. SCIADOPITINEAE. Sciadopitys. 

VI. ABIETINEAE. Pinus, Gedrus, Larix, Pseudolarix, 
Picea, Tsuga, Abies, Pseudotsuga, Keteleeria. 

VII. PODOCAEPINEAE. Podocarpus, Dacrydium; Micro- 
cachrys, Acmopyle, Pherosphaera, Saxegothaea. 

VIII. PHYLLOCLADINEAE. Phyllocladus. 

IX. TAXINEAE. Taxus, Torreya, Gephalotaxus. 

The order of the families is not intended to indicate their 
natural sequence in an evolutionary series, though the Arau- 
carineae are considered to be the most primitive. As certain 
authors have suggested, Saxegothaea is probably closely allied to 
Araucaria, but this is not indicated in the order adopted. 

Geographical Distribution. 

The distribution of the Conifers^, though too wide a subject 
for more than a brief notice, is of great interest from a palaeonto- 
logical point of view. The ABIETINEAE, comparable in their 
present dominant role with the Polypodiaceae among the Ferns, 

^ Saxton (102); (132). 2 PUger (03). » Robertson (06). 

^ For other views on classification, see Vierhapper (10). 

^ Drtide (90) ; Engler (89) ; Graner (94) ; Hildebrand (61) ; Vierhapper (10). 
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are the most widely spread; for the most part restricted to the 
northern hemisphere, they are not unrepresented south of the 
equator. Firms reaches the tree-limit in the north and extends 
as far south as Formosa^, Siam, the Malay region, the Philippines^, 
S. Africa, and the West Indies. Picea has a similar distribution 
in the north and reaches to the temperate regions of the southern 
hemisphere. Abies ranges from Europe and Algeria to Siberia, 
the Himalayas, Japan, and Formosa. Larix flourishes in northern 
Europe and Siberia, Canada and the northern United States, the 
Himalayas, and Japan. Tsuga is more especially a North American 


Fig. 689. Araucaria imhricaia on the Andes, Argentina. (From a photo- 
graph by Dr Wieland.) 


genus, but it occurs in the Himalayas and in Japan. Pseudotsuga 
is characteristic of N.W. America and is recorded from Formosa. 
Pseudolarix is a native of N.E. China and Formosa. Cedrus^ 
occurs in Algeria, Morocco, Syria, Cyprus, and the western Hima- 
layas. The distribution of the AEAUCARINEAE affords a 
striking example of the contrast between the present and past 
range of a family. Araucaria occurs in Brazil, Chile and Argen- 
tina, in Australia, New Caledonia, New Guinea, the Pacific islands. 
Agathis is confined to the Australian and Malay region, New Zea- 


^ Hayata (10). ^ ^3 jy/ 3 Hooker, J. D. (62). 
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land. New Caledonia, and the Queen Charlotte Islands. The two 
trees of Amucwria BulivilUi shown in the Frontispiece are survivors 
of a forest on the hills of Queensland. The photograph reproduced 
in fig. 689, for which l am indebted to Dr Wielaiidh illustrates the 
hshit oi Amucafia mbricata on the eastern slopes of the Andes 
in South-West Argentina where the trunks reach a diameter of 
two metres. There are few existing trees comparable with these 
venerable types in the impression they produce of the lapse of 
ages and the vicissitudes of a dwindled race. 

CUPRESSINEAB. Cupressus occurs in North America in- 
cluding the Californian coast and Mexico, in S.E. Europe, temperate 
Asia, China, and Japan. CJimmecyparis extends to the Sitka 
Sound and flourishes in China, Japan, and Formosa. Libocedrm, 
one of the few genera met with in both hemispheres, has a dis- 
continuous distribution; it occurs in California, Chile, Japan, 
Australia, New Zealand, New Guinea, and New Caledonia. Thuya 
flourishes over a wide area in North America and occurs in the 
Far East. Juniper us is characteristic of temperate regions in 
both the old and new world and is represented in the Canaries, 
the Azores, Somaliland, and Mexico. Fitzroya is confined to 
Patagonia and Chile; Disehna to Tasmania. Thujopsis is ex- 
clusively Japanese. Taxodium is a native of Texas and Mexico, 
while Glyptostfohus is a closely allied genus in China. The mono- 
typic Cryptomeria lives in China and Japan; Cunninghamia in 
China and Formosa. Taiwania and FoMenia have recently been 
described from Formosa and East China respectively. Athrotaxis 
is confined to Tasmania and Tetraclinis to North Africa. 

CALLITRINEAB. CaUitris occurs in Australia and New 
Caledonia ; Widdringtonia gro'ws in equatorial and South Africa 
and in Madagascar; Aetinostrobus is restricted to West Australia. 

SCIADOPITINEAE. Sciadopitys is confined to South Japan. 

SEQUOIINEAE. Sequoia is confined to the Pacific coast of 
North California; S, sempervirens the species with Ghe stronger 
hold upon existence’ extends into Oregon, while S. gigantea forms 
groves in the valleys of the Sierra Nevada. 

PODOCARPINEAE. Podocarpus^ one of the more successful 
genera, is essentially a southern type : in Africa it extends from 
^ Wieland (16), p. 224. 
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Cape Colony througli East Africa to Abyssinia; it occurs in 
S. America from Patagonia to Brazil and replaces Pirms on the 
mountains of Costa RicaT-; in the West Indies, Malaya/ in the 
Himalayas, China, Japan, Formosa^, Tasmania, New Zealand, New 
Caledonia, the Fiji Islands and New Guinea. Bacnjdium has also 
a fairly wide range in the southern hemisphere, but like the other 
members of the family, except Podocar 2 ms, it does not cross the 
equator; it is abundant in the Malay Archipelago^ and occurs in 
New Zealand, Tasmania, New Caledonia, New Guinea, and one 
species grows in the Chilean swamps. Saxegothaea is a monotypic 
genus in Chile and Acmopgle an imperfectly known New Caledonian 
genus. Phefosphmfa^ occurs in New South Wales, Victoria, and 
Tasmania; Micfocachfys^ like AtJifotaxiSyh Tasmanian. Phyllo- 
dadus has a wide range in Tasmania, New Zealand, Borneo, 
New Guinea, and the Philippines. 

Some questions of exceptional interest from the point of view 
of the geographical distribution of Conifers in the Pacific region 
are ably discussed by Mr Guppy in the second volume of his 
admirable book Observations of a Natwalist in the Pacific between 
1896 and 1899. Pie deals especially with Agatliis, Podocarpiis, 
and Dacrydium, and his remarks illustrate the importance of 
taking into account palaeobotanical data in any general discussion 
of the problems suggested by the present and often discontinuous 
range of existing genera. Mf,’ he says, Hhere is a real difficulty 
in applying our canons of plant-dispersal to the distribution of 
Dammam [Agathis], it is merely the same difficulty that has so 
often perplexed the botanist with other Coniferous genera in 
continental regions, such as, for instance, the occurrence of Pimis 
excelsa on the far-removed mountains of the Himalayas, and the 
existence of the Cedar in its isolated homes on the Atlas, the 
Lebanon mountains, and the Himalayas. Such difficulties largely 
disappear if we regard the present distribution of the Coniferae as 
the remnant of what it was in an ancient geological period^.’ 

TAXINEAE. Taxus is chiefly a northern hemisphere genus ; 
it occurs also in North Africa, Persia, India, the Philippines and 
the Far East, and extends from Newfoundland to Pacific North 


^ Harshberger (11) p. 304. 
^ Groom (16). 


s Diimmer (12). 

> Guppy (06) p. 300. 


y stapf (90). 
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America, Mexico, and Florida. Torreya has a more restricted and 
less contiiiuoris range, in China, Japan, Florida, and California. 
Torreya. taxifoUa is almost extinct; it is separated by over 3000 
miles from the other American species T. calif ornica and the Pacific 
separates the latter from the two species in China and Japan 
Oe^jhahtaxus lives in central China, Japan, and India. 

Anatomical features. 

The anatomy of Conifers, more esipecially from the point of 
view of the identification of families and genera, has long occupied 
the attention of botanists, and although much has been done in 
the direction of more intensive study, the limits within which 
anatomical features may be safely used are still but vaguely 
defined. Jefirey^ goes so far as to claim for the anatomical 
characters of plants a taxonomic value equal to that assigned by 
zoologists to the anatomical features of animals. Though often 
extremely useful, in many cases anatomical characters do not 
reveal more than an affinity between a fossil specimen and a group 
of recent genera. Statements are often based on insufficient data 
and many authors have not appreciated the range of variation 
in the vegetative shoots of a single tree. Attention has been 
drawn to the fact that anatomical features are especially variable 
in branches, and several authors have shown that characters to 
which importance has been attached are much less constant than 
has usually been supposed : many features, frequently accepted 
as trustworthy criteria from the point of view of identification, 
occur sporadically in other genera than those with which they are 
usually associated. In the following summary attention is directed 
to the comparative value of different characters, and prominence is 
given to possible sources of error in inferences based on anatomical 
features. 

The wood of a Conifer consists only of tracheids, with or without 
resimcanals, and xylem-parenchyma and is characterised by 
narrow medullary rays usually one-cell broad. For convenience 
in description it is proposed to speak of the wood of the Conifer 
type as pycnoxylic® in distinction to the Cycadean type of 
wood which is styled manoxylic. The presence or absence of 

1 Berry (082) p. 043 ; 2 Jeffrey (05) p. 1. 

^ 7 ru/cr< 5 ?, compact ; >iav(5s, porous, loose ill texture* 
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well defined rings ol growth should be noted and attention paid 
to the breadth of the late summer (^autumn') wood: Goeppert^ 
considered the breadth of annual rings a character of importance, 
but Kraus‘S and others have shown that this is of little significance. 
In the Cupressineae (in the more restricted sense) it is probably 
true that the rings are generally though not invariably narrower 
than in Abietineae: in roots the later wood is smaller in amount 
and there is a more sudden transition to the spring-wood than in 
sterns^. Though as a rule there is a considerable difference in 
the thickness bet\veen the w-alls of the spring and siininier tracheidSy 
in Poclocarpus Nagi^ the difierence is slight. In some species 
of Araucaria the rings are absent or feebly marked, a fact noticed 
long ago b}^ Nicol^, and in other Conifers, e.g,, W iclclnngtor^^^^^ 
gimvi^CToides and Tetmclinis^ there may be no definite rings; in 
Lihoeedrus macrolefis'^ there is but little difference in the thickness 
of the spring and summer tracheids. It isyhow^ever, impossible 
to say to what extent this is an inherent tendency and how far it 
reflects the influence of external conditions: it may be that the 
frequent absence of rings in Araucarian wood is explicable on the 
hypothesis that this family is the oldest and most closely related 
to Palaeozoic types, which are almost invariably characterised by 
an absence of rings : the habit of forming well defined spring- and 
late summer- wood may have been acquired at a later stage The 
interest of annual rings is rather biological than taxonomic and it 
is chiefly in connexion with fossil plants as tests of climate that 
attention has been directed to this feature^. 

The genus is peculiar in having no resin-ducts in the 

cortex or stele of stem and root or in the leaves. In some genera 
resin-canals are a constant feature in the secondary wood, e.g., 

' Pinus, Picea, Larix, Pseudotsuga; w^hile in other Abietineae 
canals do not usually occur in the xylem. This distinction is, 
however, by no means constant and, as Jeffrey^® has showm, the 

^ Goeppert (50). 2 Krans (64) p. 146. 

3 Gotlian (10) p. 11 ; Penhallow (07) p. 31 ; von Mohi (62). 

^ Fujioka (13). A Nicoi (34) A. p. 139. 

® Conwentz (90) A. p. 33. 

’ Fujioka (13) p. 213. ® Thomson (13) p. 33; Gothan (07) p. 25. 

« Seward (92) B; Gothan (08‘q ; Antevs ( 16) ; (17). 

Jeffrey (03); (05); etc. ; Penhallow (07) pp. 123 ; Jones (13-). 
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great majority of Conifers which are normally without resin-canals 
in the wood have the power of producing them in response to 
traumatic stimuli. In Cedrus, Pseudolarix, and Tsuga resin- 
canals are usually confined to the primary xylem of the root but 
wounding induces the development of canals in other parts of the 
wood. In Oednis, however, both horizontal and vertical trau- 
matic canals may occur whereas in other Abietineae the traumatic 
canals are only vertical h Resin-canals may occur in the first-year 
wood of some species of Abies (fig. 690, B) and in Sequoia gigantea 
they are present in the first-year wood of vigorous branches and 
in the peduncles of cones, but do not normally occur in the later 
wood. In 8. sempervirens canals are as a rule absent and are 
developed only after wounding (fig. 690, A). In the Araucarineae 



A B 

Fia. 690. A, Sequoia sempervirens. B, Abies sp. showing traumatic canals in the 
wood. (After Jeffrey.) 

resin-canals are absent nor are they produced in injured stems: 
this failure to produce canals in response to disturbances set up 
by wounds is considered by Jeffrey to be an indication of the 
relatively late evolution of the family. Pinus^ with abundant 
canals, is regarded as one of the more primitive iypm; Abies, 
with very few canals in healthy specimens but readily producing 
them on wounding (fig. 690, B), is regarded as a slightly later 
product of evolution, while Sequoia (fig. 690, A) in 

which traumatic canals alone occur is still further removed from 
the original stock, and the Araucarineae, which are considered to 
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liave lost the power of reversion retained hj Sequoia "Abies, 
are placed higher in the evolntioiiary series. The vestigial signi- 
ficance of resin-canals is by no means generally admitted. Peii- 
iiallow^ holds, and I believe rightly; that they are not primitive 
features ; their occurrence in the young shoots of certain species 
and in the peduncles of cones but not in the older wood may, as 
Gothan^ suggests, be correlated with a greater need of protection, 
Kirsch^ considers that the development of canals in young wood 
and in peduncles may be connected with the relatively greater 
abundance of food in those regions w^hich, in his opinion, wmuld 
induce a greater production of parenchyma and secretory passages. 
Moreovpr, if the occurrence of canals in the axis of a female cone 
of Sequoia gigantea is attributed to the retention of an ancestral 
character, why do not canals also occur in the axis of the micro- 
strobiii ? The facts demonstrated by Jeffrey and his pupils are 
of great interest, but considered by themselves they may ecjually 
well be interpreted as favouring the greater specialisation and 
more recent development of those genera in which the production 
of resin-canals is a normal character. 

The structure of the epithelial cells is employed as a taxonomic 
character though, as Conwentz^ suggests, it is not a very satis- 
factory criterion and in petrified tissues it is often difiicult to 
distinguish between true thick walls and walls thickened by 
secondary deposits. In Pinus the walls of the ’cells lining the 
canals are frequently thin^, but in some species thick; Larix. and 
Pieea have thick- walled epithelial cells. The occurrence of tyloses,— 
the parenchymatous cells that invade the cavities of water-con- 
ducting elements,— has generally been regarded as the monopoly of 
Angiosperms : though unknown in recent Ferns they occur in some 
extinct types. Chrysler® has shown that tyloses are produced in 
the tracheids of Pinus, apparently as a consequence of wounding. 
Tyloses have also been found in some fossil coniferous' woods. 

The arrangement of the bordered pits on the radial walls 
of the tracheids is the character to which most attention has 
been given. In the Abietineae they form eithei single or double, 

^ Penhallow (07) p. 150. Gothan (07) p. 40. 

3 Kirscli (11); Thomson (13) p. 38. See also Burlingame (15‘-^). 

^ Conwentz (90) A, p. 45. ® Groom and Rushton (13). 

« Chrysler (08) B. p. 204. 
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and occasionally three or even four, rows (fig. 691, H) ; they are 
circiilar and not contiguous and the pits of a double row are as a 
rule on the same level; they are opposite and not alternate. This 
type of pitting occurs also in all the other families except the 
Araucaiineae though in Agathis opposite pits are not unknown^ 
(fig. 691, D) and Conwentz^ states that he has seen separate and 
circular pits in the tracheids of recent species. The occasional 
occurrence of pits in clusters and not in opposite pairs has been 
described in Pimis Merke^isis ^ : this is a feature characteristic of 
the tracheids of some fossil types, e.g., Ceclroxyhn fransiens Goth. 
In Agathis and Araucaria there may be 1 — S rows and as many 
as 5 rows on the tracheids of cone peduncles (fig. 691, A). The 
pits are contiguous and flattened, and those of adjacent rows are 
alternate and hexagonal^. Thomson has called attention to the 
occasional occurrence, especially in the region of the rays, of 
transversely elongated or scalariform pits in the tracheids of 
Araucaria, A single series of flattened pits and 
even the occasional occurrence of alternate hexa- 
gonal pits are not infallible criteria of an Arau- 
carian affinity : in Bacrydium the pits of a double 
row may be alternate though rarely contiguous, 
and this is the case in some other genera, while in 
Saxegotham^ (fig. 692) the pits are as a rule uni- 
seriate and often flattened. Worsdell^ describes 
circular and separate pits in the cone-scales of 
Araiicaria and Thomson records alternate bi- 
seriate pits in the cone-axis and early wood of 
the Abietineae. Flattened pits are described in 
Podocarpus polystachya*^ and I have seen similar 
pits in the wood of Torreya calif ornica and several Tracheids 

other conifers other than the Araucarineae. The oi Saxegotlmmcon- 

sp%cua. (Alter 

size of the bordered pits though worthy of notice stiles.) 

is not in itself a feature of much value. AsMcol 

fiist pointed out, in Araucaria they are larger than in Taxm ; in 

Pinus they are larger than in Kraus® speaks of the 

^ Jeffrey (12) PL VI. fig. A. ^ (92) p. 35, 

® Groom and Biishton (13). 

For good figures, see especially Thomson (13). 

- Stiles (08). « Worsdell (99). . Gerry (10). ® Kraus (83). 
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Araucariaii pits as small (9-~~12*8/a) in contrast to the broader pits 
(lip to 21 jx) of the Abietineae, those in Cupressineae being inter- 
mediate in size. There may, however, be considerable difierence 
in the size of the pits in a single type^. The occurrence of spiral 
thickening bands in addition to bordered pits is characteristic of 
the Taxineae, but spiral bands occur sporadically in the secondary 
tracheids of other Conifers, e.g,, Phyllocladus^ Larix leptolepisy 
species of Abies and other Abietineae^, also in some species of 
Gupressiis^, In Pseudotsuga spiral bands may occur in all the tra- 
cheids of an annual ring. Some authors assert that the arrangement 
and grouping of the bands in a tracheid constitute a character of 
generic value, but there is not complete agreement on this point^. 

The walls of tracheids frequently exhibit well marked spiral 
patterns ^ due to an entirely different cause, which, especially 
in some petrified woods, closely simulate spiral bands. In the 
process of decay enzyme-action may etch into prominence the 
striation or spiral method of wall-construction ; but the spirals 
are steeper than those of the true thickening bands. The presence 
of xylem-parenchyma, though of diagnostic value, is too uncertain 
and variable a character to be used with gr^at confidence. In 
young shoots of Sequoia xylem-parenchyma may be absent though 
it is present in older branches®. Such parenchyma occasionally 
occurs in Abietineous wood'^, but it is generally considered a charac- 
teristic feature of the Cupressineae though in the wood of some 
members of that family it is not always obvious. The presence 
of drops of resin in the cells which form vertical series in different 
parts of the wood, or only in the late summer wood, may render 
the xylem-parenchyma conspicuous both in transverse and longi- 
tudinal sections. Eows of parenchyma occur in the wood of 
Abies pectinata^y also in Podocarpus and Dacrydium. In Tamdium^ 
the thick horizontal walls of the cells are a characteristic feature. 
Wood-parenchyma is raie in the Araucarineae and, as Penhallow^® 

^ Schenli in Schimper and Schenk (90) A. p. 848. 

2 Bailey (09). » Jones (12) ; (13). 

^ Grotlian (05) p. 54 ; PenhalIow (07) p. 41; Burgerstein (08) p. 104; Kraus (83) 
p. 103; Nakamura (83). 

^ Kraus (88) ; Gothah (05). ® Conwent% (92) p. 35. 

^ Burgerstein (06) ; Bailey (09). ® Kny (10). 

® Schroeter (80) p. 30. Penhallow (04). 
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pointed out, traclieids with horizontal patches of resin may be 
mistaken for resiniferous parenchyma; but true parenchyma 
occasionally occurs^. 

Attention has been called to the diagnostic value of the hoii- 
zoiital thickening bands which on staining, and often in fossil 
wood, stand out as conspicuous features on the tracheids of the 
great majority of Conifers (fig. 693, C). Many authors speak of 
these bands as bars of Sanio^, apparently overlooking the fact that 
this term (Sanio’s 'Balken') was used by Mliller^ for the horizontal 
bars previously described by Winkler^ on the tracheids of Armimrm 
brasiliensis (fig. 693, I). Groom and Rushton^ have also called 
attention to the inaccurate use of the term Sanio’s bars and they 
suggest the more appropriate expression Sanio's rims for the 
persistent margins of the primordial pit-areas which appear as 
horizontal lines between the bordered pits. An American author 
goes so far as to claim that ' by far the most reliable criterion for 
diagnosing coniferous wood is the occurrence of the bars [rims] 
of Sanio®.’ But if, as Jeffrey and his pupils assert, Sanio's rims 
are present on the tracheids of ail Conifers except the Araucarineae 
the diagnostic value of this feature is exceedingly small. Jeffrey^ 
has shown that in the first-year wood of Araucaria and in the cone 
of A. Bidwillii the pits are not always contiguous and rims of 
Sanio may then be present. Moreover, as Thomson® states, the 
darkly stained lines between contiguous pits on some Araucarian 
tracheids (fig. 691, F) may be regarded as feebly marked rims of 
Sanio. It is not surprising that in the case of tracheids with 2 — 3 
series of contiguous hexagonal pits, which leave no free surface®, 
Sanio's rims are not represented^®. 

The most recent contribution to our knowledge of the rims of 
Sanio is by Mr Sifton^^ who describes them in petioles of Gycas 

J Jeffrey (12) p. 536. ^ Gerry (10). 

3 ii^iiller (90). 4 WiaHer (72). 

. ^ Groom and Rushton (13). See also Rusliton (16). 

« Holden (13) p. 252; (IS^). • ^ Jefey (12) PI. vi. fig, 5. 

^ Thomson (13) p. 22. » Gothan (10) p. 32, 

In a recent paper entitled ^Gliding growth and bars of Sanio’ (Grossenbacher, 
Amer. Journ.Bot, Yol.1. no, 10, 1914) the expression * bars of Sanio’ is employed in 
an unusual sense and not in accordance with the ordinary usage of the term bars, 
or rims, of Sanio. 

Sifton (15). 
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revoluta, Jeffrey regards the occurrence of Sanio’s rims in the 
cone-axis of Araucaria as a vestigial phenomenon. He failed 
to find any rims of Sanio in the cone-axes of Cycads and this 
negative evidence was regarded as favoui’able to his view that the 
rims in the Araucarineae are derived from the more fully developed 
rims in the Ahietineae. Sifton shows that the rims on the tracheids 
of Cycas revolida agree closely with those in the xyleni of the 
Araucarian cone-axes and with those in the cone-axis and root of 
certain Pines. On the assumption that roots and cone-axes are 
likely to retain ancestral characters, the resemblance of their rims 
to those found in the Araucarineae supports the view that the 
Abietineae are descended from ancestors which had rims of Sanio 
of the Araucarian or Cycadean type. The conclusion is that the 
shorter rims in the Araucarineae and on the tracheids of the cone- 
axis and root of the Abietineae represent the primitive form, the 
broader rims met with in the Abietineae and most other Conifers 
being later developments. 

The pitting on the walls of medullary-ray cells has in recent 
years received special attention : in some Conifers the horizontal 
and tangential walls are strongly pitted (fig. 693, A, 6), and this 
feature is clearly seen in both radial and tangential sections as 
also, in the case of the horizontal walls, in transverse sections 
(fig. 693, D, E, F). In most of the Abietineae the pits on the 
horizontal and tangential walls are a prominent feature while on 
the other hand in some Abietineae the pitting of these walls is 
feebly developed: to this type of pitting Gothan'^ has given the 
name Abietineous pitting. In the great majority of recent 
genera other than members of the Abietineae the horizontal and 
tangential walls are smooth (fig. 693, L, 0) ; but there are exceptions. 
The ray cells in the cone-scales of Agaihis are pitted and species 
of Junifenis^, Libocedrus decurrens and Fitzroya also exhibit a 
form of Abietineous pitting. Gothan points out that in some 
Junipers and a f ewy other Cupressineae the pits in the tangential 
walls differ in detail from the typical Abietineous form and that 
the pits in the horizontal walls are much less distinct than in the 
Abietineae: there is, however, no very clear distinction betw-een 

^ Gothan (05) p. 43. 

IW. pp. 43, 45, fig. 7; Stopes (15) p. 63. 



Fig. 693. a, Abies VeiicMi, medullary ray, Pinus silvestriSf medullary-ray 
tracheid. C, Abies balsavnea, pits and Sanio’s rims. D, E, Pits in medullary -ray 
cells in Abies liomolepis. F, Pits in tangential wall of ray cell of Juniperus 
rirginiana. G, H, K, L, M, N, 0, Pits in medullary-ray cells (radial view) in 
Cedrus aUantica {G) ; Taxodium distichum (K) ; Podocarpus andina (K) ; P. salicG 
folia (L) ; Glyptostrobus (M) ; Sciadopitys (N) ; sp, spring wood ; s, summer wood ; 
Thuya gigantea {0). I, BS'i’S? b, in tva,ch.eid.B of Araucaria brasiUen sis. P. Spiral 
bands in traoheids of Porreya n'Mci/em. (A, N, after Nakamura; B. D — H,. 
x . n. after Gerry; I, after Winkler; M, after Kraus; 
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liis Juniperoid and Abietiiieous types. Each medullary-ray cell is 
longer in a radial direction than the breadth of a single tracheid 
and statements as to the number of pits on the radial wall of a 
ray cell have reference to the area bounded laterally by the 
vertical walls of a tracheid: this area may be designated the field 
('Kreuzungsfeld’ ; Zaire mitoyenne'). It is, however, incorrect in 
many cases to speak of pits on the radial walls of medullary-ray 
cells, and if pits occur they are never bordered : in the Abietineae 
the walls are pitted, but in most other Conifers the pits seen in the 
field belong to the tracheids in contact with the rays. But in view 
of the general use of the expression medullary-ray pitting it would 
be inconvenient to discontinue the cuirent terminology. There ia 
a difference of opinion as to the value of medullary-ray pitting as- 
a criterion of affinity, and it is probable that Gothan over- 
estimates the taxonomic significance of this character. Within 
certain limits the pitting on the walls of medullary-ray cells is 
undoubtedly important, but a comparison of sections of the wood 
of a collection of genera shakes one’s confidence in the conclusions 
based by some authors on the form and number of the pits in the 
field. In the Abietineae a single large simple pit ('Eipore’) 
occupies the field in some species of Pinus but the same type 
occurs also in Sciado'pitys'^, species of Podocarpus^ (fig. 693, K, N), 
Microcachrys, Bacrydium, PJiyllodadus"^. ’ The Araucarineae 
are usually described as having several (2 — 6) oblique pits in each 
field and as a rule no pits in the horizontal and tangential walls 
of the ray cells, but Thomson^ states that the bordered pits in the 
field of Araucaria and Agathis are confined to the tracheids and 
an examination of macerated tissue confirms the absence of pits on 
the walls of the ray cells. A similar absence of pits characterises 
some other Conifers. Gothan has suggested the term Cupressoid 
pitting for Conifers in which the field in the spring- wood contains 
bordered pits with a fairly broad pore in a more or less horizontal 
position, a type of pitting found in some Cupressineae as also in 
Sequoia and certain other genera. He applies the name Podo- 
carpoid pitting to woods in which the field shows bordered pits 

^ Nakamura (83); Saporta (84) PL cxxxyiii. ; Fujioka (13). 

, - Kleebei’g (85). 

® Schenk in ScMmper and Sckenk (90) A. p. 855. 

^ Thomson (13) p. 30. 
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with, a narrower pore occupying an obliquely vertical positioiij 
a form of pit well shown in some species of Podocarpiis. In the 
Podocarpiiieae and in most of the Cupressineae the tangential 
and horizontal walls of the ray cells are unpitted. An examination 
of sections of species of Thuya and some species of Cupressus 
reveals the presence of pits in the field with an almost vertical 
pore, and the variation in the breadth of the border and in the posi- 
tion of the pore is too great to admit of more than a restricted and 
cautious use of this anatomical feature as a means of distinguishing 
genera or even families. It is by no means easy even in sections 
of recent woods to observe with accuracy the structure of the ray 
pits : in many cases they are more or less bordered, but the greater 
distinctness of the pore often leads to the neglect of the fainter 
border. Moreover the small medullary-ray pits may be con- 
verted into large pits by the action of fungal hyphae. The large 
pits of some .Pines, Sciadopitys, etc., represent one extreme; 
intermediate types are represented by Cednis, Taxodimn, and 
GlyptostrobuSj while in Juniperus and several other genera the pits 
are smaller and more numerous^. 

The depth of the rays as seen in tangential section is a feature 
to which much attention has been paid, but this is a very variable 
and comparatively unimportant character^. In a single species 
of Abies the depth varies from 1 to 63 cells^. Many authors in 
describing fossil wood state the number of rays per square milli- 
metre of a tangential section. Characters such as these may 
undoubtedly be useful in certain cases if used in conjunction with 
others, due' allowance being made for the range of variation within 
the limits of a single stem. A more important feature is the 
occurrence of broad rays containing horizontal resin-canals such 
as those of Pinus, Picm, Larix, and Pseudotsuga. Another useful 
criterion is afforded by the association of horizontal tracheids 
(fig. 693, B) with the parenchyma of a ray usually at the upper 
and lower margin but sometimmy e.g./Pimis canariem in the 
middle. The occurrence of such tracheids was formerly regarded 
as a trustworthy distinguishing feature of the Abietineae with the 
exception of and but they are now known to 


^ Penhallow (07). 
3 Fujioka (13). 


2 Bssner (86) ; Barber (98), 
^ Strasburger (91) p. 21. 
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occur in Ahies^ and several members of other families. Ghiysler^ 
states that Cedrus differs from Abies in having ray tracheids mixed 
with marginal parenchyma, and at the limit of an annual ring the 
marginal tracheids may be replaced by shadowy cells or ghosts 
of cells. The tracheids may have smooth walls as in Cedms, 
Tsuga, Larix, Pinus Strobus, or, as in other species of Pimis 
('Hard Pines’), their walls are characterised by irregular ingrowths 
or pegs. Wettstein^ states that in Picea omorica horizontal 
tracheids though common in the main stem do not occur in the 
rays of branches. De Bary^ recognised tracheids in the rays of 
Sciadopitys ; they have been recorded also in Juniperus, Cupressus, 
Thuja, Sequoia^ and, as the result of wounding, in Cimninghamia^, 

The occuirence of idioblasts in the form of iriegular thick- 
walled elements is characteristic of the pith and cortex of Amu- 
earia, but similar cells are found in the pith of Toney a nucifera,^ 
Podocarpus nenifoUa, Dacrydimn cupressinum'^ and Cryptomefia, 
In some cases, e.g., Abies magnificat Picea omorica, horizontal 
rows of thick- walled cells form diaphragms in the pith. The 
structuie of the secondary phloem has received relatively little 
attention and owing to its comparatively rare preservation in 
fossils it is less important to the palaeobotanist. In the Cupres- 
sineae the regular alternation of tangential rows of hard and soft 
bast is a characteristic feature, while in the Abietineae the phloem 
consists of sieve-tubes and parenchyma with a few scattered 
stone-cells. The absence of albuminous cells in the medullary 
rays of the phloem region in the Araucarineae is noteworthy and 
Thomson^ states that he found none in Poiocafp-iis. 

The structure of the stomata in the leaves of Conifers is fairly 
uniform : their distribution should be noted though this in itself 
is not of much value as a distinguishing feature. They may be 
confined to regular bands (Abies, etc.) or grooves (Toneya, eic,, 
fig. 694, B), or irregularly distributed. The position and number 
of resin-ducts is often a useful guide : to quote one example only, 
in the leaYes oi Agathis anA Araucaria (fig. 694, C) the ducts 

4 Thompson (12). ^ Chrysler (15). 

® Wettstein (90) p. 511. 

^ De Bary (84) A. p. 490. See also Tassi (05) quoted by Vierhapper (10). 

^ Gordon, M. (12) ; Jones (IS^). « Jeffrey (08). 

^ Kiibart (112) s Jeffrey (05). ® Thomson (13) p. 3L 
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occur between the veinSj but in the leaves of some species of 
Poiocarpws (fig. 695, D), externally indistingiiishabie from those 
oi Agathis^ the ducts are below the veinsh Caution must be ex- 
ercised in using the number of resin-ducts as a diagnostic character. 
Schroeter^ draws attention to the occasional absence of ducts in 
Pmca ciTccfea leaves while in others 1 or 2 are present. In most 
leaves theie is some mechanical tissue immediately below the 
epidermis either as scattered fibres or a continuous layer, but in 


694. Leaves in transverse 
myristica; t, transfusion-tissue. C, Am%icaria imbrimiai t, transfusion -tissue 
D, Pinus monophyUa; e, endodermis. E, Cryptomeria japonka. F, Cedruc 
Libani ; e, endodermis ; medullary ray. 


Taxus and Toney a there is none. The occurrence of branched 
idioblasts is a striking feature in the mesophyll of Agathis, Amu- 
caria, Sciadofitys^ and Podocarpus. The infoldings of the wails 
of the chlorenchyma are especially characteristic of Pine leaves 
(fig. 694, D) and they occur also in Cedms (fig. 694, F), Pseudo- 
larix and some other genera. The structure, extent, and position 
of short isodiametric tracheids in association with the conducting 
tissue is an important feature. This tissue, the elements of which 

^ Seward and Ford (06) B. ^ Sc‘hroeter(97). 
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are usually termed transfusion-tracheids^ is regarded by some 
autliors as homologous with the centripetal wood of Cycadeaii 
leaves (VoL iii. p. 31) and Bernard definitely adopts the term centri- 
petal xyleiii. Jeffrey^ and, more recently, Takeda® do not attach 
a similar morphological significance to the short tracheids, and 
they are probably justified in their sceptical attitude. The 
transfusion tracheids are often reticulately pitted: in many leaves 
they form conspicuous flanges on the sides of the vascular bundles 
(fig. 694, B, C, t) or they may more or less encircle the vein. In 
some leaves, e.g.^ Araucaria, it is noticeable that the amount of 
transfusion tissue (fig. 694, C, t) increases as the vein is traced 
towards the leaf-apex until the long and narrow elements may be 
entirely replaced by a group of short transfusion-tracheids. 
Another type of accessory tracheid is occasionally met with, 
namely elongated tracheids traversing the mesophyll between the 
veins and the edge of the lamina. This is seen in the long and 
narrow leaves of some Podocarps^, 

The anatomy of cone-scales is too wide a subject for adequate 
treatment in this sketch. The general rule is that in each scale 
there are two sets of vascular strands, a lower set of normally 
orientated bundles and an upper inversely orientated series. In 
some cone-scales, e.g,, Araucaria, concentric vascular strands are 
a prominent feature. The taxonomic significance of the ana- 
tomical characters of cone-scales has been discussed by Eadais 
and more recently by Miss Aase^, to whose accounts the student 
is referred. 

It has been shown that characters which it has been customary 
to associate with a definite type of wood may occur sporadically 
in several other Conifers ; but this does not invalidate conclusions 
based on the prevalent occurrence of such features in a given 
specimen. It is untrue to say that contiguous and alternate pits 
are the monopoly of the Araucaiineae and it is incorrect to assert 
that in Araucarian wood the pits are never separate. Similarly 

^ So named by von Mold ; see Wordsell (97) ; Bernard (04) B. ; Carter (11). 

Jeffrey (08^). 

® Takeda (13); see also Thomson (IS). 

^ For further details with regard to leaf -anatomy, see Thomas, F. (66); Ber 
trand, C. E. (74) ; Mahlert (85); Strubing (88) ; DaguiUon (90). 

°Rada3s(94); Sinnot (18); Aase(15). 
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tlie pits on the medullary-ray cells, whatever relative value we 
may assign to this character, are in many cases of considerahle 
assistance even though we are not prepared to follow Gothaii to 
the full extent of his trust in the taxonomic importance of medul- 
lary-ray pitting. 

Dr Groom ^ has described the northern evergreen Conifeis as 
architectural xerophytes having xeromorphic leaves with a xero- 
phy tic structure. He discusses in his remarks on the Ecology of 
Conifers the correlation of the characteristic wood-structure and 
the xeromorphic leaves, the cause of the survival of the Coniferae 
in competition with Dicotyledons, and other questions of interest 
to the student of the evolution and past history of the group. 

Short summary of the characteristics of 

* ABAUOABINBAE. There is a close agreement in the structure of the 
wood in the two members of this family. Attention has already been called to 
the normal type of pitting of the tracheids and to certain exceptional forms. 
The occasional tendencj’ towards a scalariform type of pitting (%. 691, D) is 
an interesting point. Pits are fahly abundant on the tangential walls of the 
xylem-elements. In the wood of AgatMs robiiMci'^ vertical rows of parencliyma 
are said to be fairly abundant. Annual rings not infrequently absent or 
feebly developed. Medullary rays one-cell broad, rarely double, usually 
7 — 15 cells deep ; but in Araucaria the depth may reach 26 cells : the ray cells 
occasionally present a distended appearance in tangential sections of the wood 
(cf, Gmkgo hiloba). The persistence of the leaf-traces in the old wood of 
Araucaria is a striking feature^ considered by LIgnier to possess diagnostic 
importance: Jeffrey^ states that traces are much less persistent in some 
young stems. In Araucaria each trace arises as a single strand, but in Agatliis 
it leaves the perimedullary region as a double bundle®. 

Agatliis (fig. 695). Leaves sessile or slightly petiolate, opposite, sub- 
opposite or, on the main axis, spiral; ovate, broadly lanceolate {A, loranthi- 
foIia,lB X 5 cm,; A, macrophylla 17 x 5 cm.). Eesin-canals between the veins ; 
transfusion- tracheids fairly abundant, but less prominent than in Araacaria, 
The almost spherical megastrobili (fig. 696) are veiy characteristic; they 

^ Groom (10). 

- In addition to the text-books on Conifers by Beissner, Veitch, and the account 
ill Die xlaturliclien Pflanzenfamilien the student should consult tlie Report of the 
Conifer Conference, Journal of the Eoyal Horticultural Society , Vol. xiv. 1S92. 

^ 3, 'Noelle (10).':, ■ ■ 

TMselton-Dyer (01^) ; Seward and Ford (06) B. 

^ Jeffrey (12) p- 565. ® Thomson (13) p. 15. 




ei (A) mA AgatUa mstralis {^) cones. (After Seward 
Ford; A, | nat. size; B, j nat. size.) 
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Fig 695. k, AgatUs Moor el AgaiUs australis, Q, AgatUs viUemis. B 

Podocarpus MotleyL (After Seward and Ford; nat. size.) 
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bear a close superficial resemblance to Cedar cones but the latter are 
relatively narrow and often more or less flattened at the apex^. Bommer^ 
calls attention to the resemblance of Agathis cones to those of the Dicotyledon 
Dammaropsis hingiana (Moraceae). 

Aramcaria. (Frontispiece; figs. 678 — 681, 689, etc.) The falcate tetra- 
gonal leaves of A. illustrate one type of leaf that is seen in its smallest 

form in A, Balansae (4 — 5 x 2-5 mm.). In A. BidivUlU (fig. 697) the leaves 
are subsessile and the flat lamina may reach a length of 7 cm. : in A, Housteinii 



Fig. 697. Araucaria BidwUlii. (After Seward and Ford; nat. size.) 


the ovate-lanceolate leaves may be 10 cm. by 1 cm. Dimorphism^ in the foMage 
of a single shoot is not uncommon. The striking diflerence in some species 
between the juvenile and adult foliage is illustrated in fig. 698. In the broad- 
leaved species {Colymhea section) resin-canals occur between the veins (fig. 694, 
C) and in the Biitacla section, e.g., A, excelsa^ the canals are scattered. Strobili 
and cone-scales of Araucaria are described in an earlier part of this chapter 
(see page 113). 

1 Fliche (96). 

2 Bommer (03) B. PI. X. figs. 164, 165. 

3 Masters (91); Bommer (03) B. PI. v. fig. 23; Siebold (70) PL CXL, 

10 
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CUPEESBIHEAE. The absence of resin-canals in the xylem is a feature 
shared by other families; but in the occurrence of xylein-parenchyma in 
different regions of the wood the Cupressineae differ as a rule from the Abie- 
tine-ae, though this is not a constant distinguishing character. The pits in 
the field vary from 1 to 6 or 8 in some genera, e.p., Taxodkm and Glypto- 
sfrobus '^ : Gothan^ applies the term Cupressoid to medullary-ray pits character- 



Eig, 698. Araucaria excelsa. A, Mature form. B, Seedling. (| nat. size.) 


ised by an upper and lower border (fig, 693, H) but, as pointed out on a previous 
page, the position of the pore is by no means constant and in Taxodium the 
ray pits are fairly large and almost simple. 

Oupressus and GhamaecypaHs, By Beissner^ and many other authors both 
names are used in a generic sense, though Masters regards as 

a subsection of Oupressus. One distinguishing feature is the presence of more 


1 Kleeberg (86). 


2 Gothan (05) p. 47. 


^ Beissner (91). 
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than 2 seeds on each cone-scale of Cupressus. The leaves are whoiied, in | 

Franks, and appressed to the axis (fig. 699). The young foMage of 

Thuya, and other genera (fig. 790), which in the adult state has the form of 

scale-leaves, consists of spreading linear leaves: individuals in which this 

juvenile foliage persists are often spoken of as species of the ‘genus ’ Mef inospora. 

Cones oblong or globular, composed of a few paii’s of scales with peltate distal 
ends either smooth or provided with a prominent umbo (fig. 699). 



Fig. 699. Cupressus Macnahiana. (From Rendle and the C7^TOW^c/e.) 

Thuya. Very similar to Oupressus in the habit of its bi- or tri-pinnate 
shoots. The cones of 8 — 10 decussate scales are distinguished from those of 
Gapressiis by their elongated, oblong, form and by the upwardly directed 
scales with thickened apices in contrast to the more horizontal and peltate 
scales of Cupressus: there are 2 seeds to each scale, winged (sect. Eufhuja) 
ov wingless (sect. Biota). 

Lihocedrus. Foliage shoots often broader than in Thuya ; in L. decurrens- 
the appressed, flat, leaves are characterised by a long decurrent portion and 
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in L. Doniana the whorled arrangement is less obvious. There is a large 
canal below the midrib of the leaf aa in Thuya and Cuprmws. The cones 
^4 g valves) are longer and relatively narrower than in Thuya i seeds un- 



Fig. 700. A, Young plant oi Libocedrus decurrens; c, cotyledons; primordial 
leaves; tr, transitional leaves. B, Brancli with adult {ad) foliage. (After 
Rendle, from Veitch.) 

equally winged. Juniperus. The polymorphism of the shoots is especially 
striking; the leaves, 2 — 3 in each whorl, being small and appressed, spinous 
and spreading, or flat and linear. The very narrow leaves of J, Sabina 
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differ widely from the broader, fiat and sharply pointed leaves oi J. dmpacm. 
There is a resin-canal near the lower surface^ or, in some species, e.gr., J, oxy- 
cedrusy there may be no canal. The more or less globular or elongated fleshy 
strobilus consists of 1 — 4 whorls of megasporophylls. 

Fitzroya and Bisetma, In some examples of F. patagonica the leaves are 
short and crowded and slightly falcate, in others more spreading; while in 
Biself na Archeri^ the shoots resemble those of some Lycopodiums. The 
leaves are in alternate ternary whorls and there is a single canal below the 
vein. The cones consist of 3 alternate trimerous whorls and the fertile scales 
bear a variable number of winged ovules. TMjopsis. Shoots similar to 
those of Thuya but the decussate leaves are rather larger^. Cones narrow, 
consisting of 8 clavate scales with 5 small winged seeds on each scale. 

Taxodium, The slender deciduous shoots, 8 — 10 cm. long, bear 2-ranked 
linear leaves 2 cm. long, acute and lanceolate, also small leaves 10 — 17 mm. 
long and barely 1 mm. broad. Circular depressed branch-scars are a charac- 
teristic feature of the leafless shoots. Globular cones ^ composed of a few 
peltate scales with an irregular crenulate upper margin (fig. 686, D — E) each 
scale bearing 2 slightly winged seeds. The almost leafless spikes of micro- 
strobili are a noteworthy feature. The wood of Taxodium closely resembles 
that of Sequoia sempervirens : the thicker horizontal walls of the xylem- 
parenchyma are quoted by Gothan as a characteristic feature^ of Taxodium, 
Lingelsheim® says that this distinction is not valid ; he states that simple pits 
occur in the cross-walls of the xylem-parenchyma of Taxodmm but not in the 
cells of Sequoia. Pits are, however, present in the parenchyma of both these 
genera. Glypiostrohus. Similar in habit to Taxodmm^ but the leaves are not 
2-ranked'^; the cones are more pyriform; the seeds are smooth and narrow 
with lateral wings. The comparatively large circular pits on the radial walls 
of the ray cells are characteristic®. 

Cryptomeria. Foliage-shoots (fig. 677) as in Araucaria excelsa: a large 
resin-canal occurs below the midrib of the laterally compressed leaves (fig. 694, 
E). The cones have 20 — 30 peltate scales characterised by the deeply cleft 
comb-hke upper portion (fig. 684, M). The xylem-parenchyma is said by 
Fujioka to be confined to the region between the spring and summer wood : 
the pits in the field are variable in position and the breadth of the pore may be 
vertical or oblique. 

Cunninghamia. Leaves densely spiral and spreading, narrow, lanceolate, 
acuminate and serrate, 2*5—5 cm. long, with a narrow decurrent base: a large 
canal below the midrib. Cones ovoid-globular, 4 cm. long, composed of 
broad thin scales with a serrate edge and a fimbriate membrane on the abaxial 

4 Kirchner, Loew, and Schroter (06) pp. 293, 314. 

2 Hooker, J. B. (60) PL xcvin. » Fujioka (13). 

4 Oard. Chron. Nov. 25, 1893, p. 657. 

s Gothan (06); (09). ® Lingelsheim (08). 

7 Masters (00). ® Kleeberg (85). 
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side of the 3 winged seeds (%. 684, K). Branch-scars occnr on the sterns^. 
Taiwanm. This genus^ has the habit of Crypfomeria md cones recalling 
thosQ of Chimimghmnia and Tsiiga : each scale bears 2 seeds. Folcienia, The 
single species® is, in certain respects, intermediate between and 

Libomdms',. the cones are globose like those of Climnaecyparis and each 
scale bears two unequally winged seeds; the foliage is nearly identical with 
ih'Air of LihocedmSw 


Eio. 701. Athrotaocis cupmssoides. 

Athrotaxis. (Figs. 684, N, 0; 701.) Leaves short, loosely spreading 
and slightly imbnoate {A. selagwmdes% similar to those of Araucaria excdsa, 


3 p- " Gard. Chrrni. Feb. 4, 1911. 

A second species has recently been described by Hayata (17) 

‘ Baker and Smith (10) p. 305 (and photograph). 
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more appressed and smaller, decussate or in close spirals (A. cupressoides) or, 
in A. laxifoUa\ more like the foliage of Sequoia gigantea. The apex of each 
cone-scale has a sharp point at the distal end, Tetraclinis (fig. 703, B). This 
genus, which occurs in Algeria and Morocco, and is usually placed next to 
CalUtris B,nd Widdnn0onia, has recently been transferred by Saxton^, as the 
result of his work on the life-history of T. articulata, to the Gupressineae: he 
believes that the Callitrineae were derived from the Northern Gupressineae 
through some type resembling Tetraclinis. The flattened foliage-shoots 
resemble Salicornia Mid bear 4-ranked small leaves; the cones consist of 
4 nearly equal decussate scales, each scale having 2 seeds with unequal wings. 

SCIADOPITINEAE. Sciadopitys. The single species is characterised by 
the long and rigid ‘double needle’ reaching a length of 12 cm. with a broad 
furrow on the upper surface and a deeper groove on the lower face. Mr 
Boodle^ has recently described an example of concrescence in needles of Finns 
Laricio Poir. yar. nigricans Pari, which points to the probability that a morpho- 
logical similarity exists between the double needle of Sciadopitys and abnormal, 
fused, leaves oi Pmus. Reference is made by Boodle to other possible views 
that have been advanced with regard to the morphological nature of Sciadopitys 
needles. The oblong woody cones, 7x4 cm.^ are fairly easy to identify by 
the rounded and refiexed upper margins of the scales (fig. 684, S) ; there are 
5 — 15 seeds, with a narrow wing, on each cone-scale. 

SEQUOIINEAE. Sequoia. Attention has already been called to some 
of the anatomical features. The oval pits on the field (2 — 6) have an upper 
and a lower border though the pore is not infrequently obliquely vertical. 
Anatomically the wood of S. sempervirens is considered by Gothan® to agree 
more closely with that of Taxodium than with S. gigantea. The leaves of 
S. gigantea (~W eUingtonia) are 3-angled and decurrent, *5 mm. long; those 
on the fertile shoots are broader, shorter and imbricate. S. sempervirens 
bears 2-ranked linear, sessile, but not decurrent leaves with an abruptly 
spinous apex. There is a resin-canal below the midrib and transfusion- 
tracheids form conspicuous lateral groups. The cones of the two species are 
of the same type, but those of S. gigantea are larger and occasionally reach’ a 
length of 9 — 10 cm. (fig. 702). 

CALLITRINEAE. The foliage-shoots, similar to those of some Junipers, 
are characterised by short decurrent scale-like leaves in alternate ternary 
or decussate whorls; the ovate or globular cones are composed of a few 
valvate scales. Actinostrohus^ (fig. 703, A), The very small leaves in ternary 
whorls have a free apex and the slender shoots closely simulate those of some 
species of Veronica and TJiamnea depreasa (Bruniaceae). The 6 cone-scales 
are oblong, acute, and the base of the cone is invested by 6 rows of crowded 
scales which gradually pass into the foliage-leaves : each scale has 2 — 3 winged 

^ Qard. Ghron. dMi.nyimi,p.l4n. ^ gaxton (IS^); (IS^). 

® Boodle (15). ^ Siebold (70) PL on 

^ Gothan (06); (09). See also Jeffrey (03) ; Gordon (12). 

® Saxton (13). 
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seeds. GaUiiris, Similar in habit to TetracUnis (fig. 703, B) : in some forms 
{C, arhorea) the small leaves are closely appressed to the axis ; C\ glauca^ shows 
a considerable range in the form of the leaves, and in C, rhomboidalis the 


Fig. 702 A. Sequoia gigantea. Shoot with cones. (Nat. size.) 

shoots are especially slender. Saxton^ points out that the tracheids have a 
single row of separate pits and draws attention to the occurrence of horizontal 

^ Baker and Smith (10) p. 118 . 

Saxton (10^); (10®). The wood of the Callitrineae requires more thoroiicdi 
investigation. ® 
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bands above and below each pit. Cones usually spherical, reaching 2*5 cm. 
in length, with 6 smooth or tuberculate valves. In G. Mademjana the cones 
are pyramidal and have 6 — 8 valvesb 

Widdringtonia, The adult foliage-shoots bear rather longer leaves in 
decussate pairs^; the twigs are cylindrical and not flat as in In 

quickly growing shoots the leaves may be spiral; they have no hypodermal 


Eig. 702 B. Sequoia gigantea. An unusually large cone. 
(BritishMuseum; nat. size.) 

layer like that in the leaves of Oallitris, Spirally thickened tracheids occasion- 
ally occur in the wood. The cones consist of 4 decussate thick and warty 
valves, each scale bearing 7—8 vinged seeds. 

ABIETIFEAE. The needle-like leaves on short shoots are a 

striking feature. In P. and many other species each short shoot 

^ Baker and Smith (lOh ^ Bendle (96). 
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Fig-,703. Actimsirohus pyramidalis. B, Tetmclinis articulata. (After Saxton.) 


Fig. 704. Pinus excelsa, cone and foliage-s 
(From a photograph Tby A. Howard.) 
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bears 2 needles plano-convex in section. In P. mono^hjlla (fig. 694, D) each 
shoot has nsnally a single sharp-pointed cylindrical leaf 4 cm. long. Three- 
needled Pines occur in N. America and the Himalayas but not in Europe, 
In P. Cemhm, P. 'pmce (the only European examples), P. Strohus^ P. excelsa 
(fig. 704), Pn Jcoraiensis, etc., the short shoots bear 5 needles and each is trian- 
gular. Thomson^ regards the dwarf-shoot oi Pinus as a derivative of a longer 
shoot with spirally disposed needles : he has recently described examples of 
dwarf -shoots in recent Pines bearing an abnormally large number of leaves. 
In P. sUvestris shoots with 3 leaves are not uncommon : in P. excelsa wounding 
caused the development of as many as 15 needles on a single dwarf -shoot. 
Jeffrey, on the other hand, regards the spur-shoot as a primitive attribute of 
the coniferous stock. The length of the leaf varies considerably and may 
reach 30 cm.; the margin is generally entii’e, but in P. Cembra the apical 
portion is finely serrate. The structure of Pine leaves^ is well known, but 
reference may be made to the twin bundles in hard Pines, a distinction from the 
single strand in the soft Pines the presence of a well- defined endodermis (fig. 694, 
D, e) and the infoldings of the chlorenchynia^ There are two types of cone, 
that of the Pinaster group in which the distal end of the woody seminiferous 
scale is more or less pyramidal and has a central umbo (cf. fig. 785), prolonged 
in some species, P. ponderosa^, P. Jeffreyi^^ etc., into a short i^ecurved spine 
or, in P. Coulteri, into a large curved spinous process. Another type, illus- 
trated by the Strohus group, is distinguished by the flatter imbricate scales 
with the umbo at the tip of the free rounded margin (fig. 704). The cones of 
the latter type resemble those of Picea, The variation in the size and form of 
cones from the same tree in Pinus excelsa is worthy of notice from a palaeo- 
botanical standpoint^. 

Cedrus. The more slender needles of Gedrus, most of which occur in 
clusters on short shoots, are approximately triangular in section (fig. 694, E) 
and have a single bundle and two canals next the lower epidermis. The 
persistent leaf-bases resemble those of Tsuga and Picea (fig. 706, B, D). Canals, 
though not normally present in the wood, are induced by wounding ; xylem- 
parenchyma may occur in the late summer-wood and ray-tracheids are present, 
but less prominent than in Pines and some other genera. The deciduous 
nature of the mature cone-scales would lead one to expect their preservation 
as fossils, A characteristic feature of the cones is the presence of radially 
disposed lines normal to the edge of the sporophylls^. Larix. The narrow 
linear decurrent leaves, keeled on the lower surface, have a resin-canal close 

^ Thomson (14). 

^ Zang (04) attempts to classify Pine leaves on tlie basis of anatomy. 

^ For anatomical features of hard and soft Pines, see Holden, B. (13®); Jeffrey 
and Chrysler (06). 

^ Kirchner, Loew, and Schroter (06) figs. 188, 222, etc. 

® Oard, Ghron. 'EoY. 15, 1890, pp, 56 1, 569, 

6 March 23, 1889. ’ Bommer (03) B. Pis. ii., iv. 

8 Fliche (96) p. 86. 
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to the epidermis at each angle. There is a single vascular bundle but no 
thiek-walled hypoderm. Bailey^ notes the occurrence of wood -parenchyma 
on the outer face of the summer-wood. The persistent subglobose or more 
elongated cones, reaching a length of 10 cm. (fig, 705, G), are in most species 
characterised by the large size of the bract-scales like those of Abies and 
Pseudoisuga. Bonimer calls attention to the superficial resemblance of Larch 
cones to the fruit of Petropliilu diver (Proteaceae). Pseudolarix 
resembles Larix in habit (fig. 705, A, B); the male strobili are umbellate; 
the leaves linear lanceolate and up to 7 cm, long. The cones are ovate and 
bear loosely imbricate, pointed deciduous scales; the bract-scale is shorter 
than in Larix, Picea, The short and narrow leaves are tetragonal or more 
or less flat in section : a canal occurs below the vein or there may be two lateral 
resin-ducts. The persistent bases of the leaves form prominent pegs (fig. 706, 
D). The cylindrical or oval cones, reaching 16 cm. in length, consist of leathery, 
concave imbricate scales; the bract-scales are concealed The stem of a 
variety of P. excelsa (var. tiiberculata)*, characterised by large conical tubercles 
of cork, bears a close resemblance to that of Xanthoxylum (Butaceae) Tsuga, 
The leaves are flat, decixrrent (fig. 706, B), similar to those of Taxus, Abies, and 
some species of Picea i but there is a single resin-canal below the vein and the 
lamina is petiolate and not sessile as in Sequoia senipervirens. In some cases 
the lamina is finely serrate. The cones closely resemble those of Picea except 
in their smaller size; the bract-scales are usually concealed, but in T. Pat- 
toniana^ they are longer and reach a length of 7-5 cm. 

Pseudoisuga, The leaves resemble those of Tsuga, but there are two 
lateral canals and the lamina is attached by a narrow base to a slightly pro- 
minent leaf-cushion (fig. 706, C). The wood is like that of Larix but the 
tracheids often possess spiral bands, and xylem-parenchyma occasionally 
occurs. Besin-ducts are present in both normal and injured stems. The 
cones, 5 — 10 cm. long, resemble those of Tsuga h\xt differ in the 3-pronged 
conspicuous bract-scale; they are pendulous and the scales are persistent. 
Keteleeria. Shoots similar in habit to those of ; leaves flat, a canal at 
each angle. Cones similar to those of Pinus Cembra: microstrobili umbellate. 
Abies. Leaves usually flatter than in Picea and often larger; the apex may 
be notched though this is not a constant feature'^. There is no persistent 
leaf-base (fig. 706, A). Two lateral canals^ are generally present in the leaf, 
but in some species the canals are median^. Transfusion- tracheids may form a 
ring round the phloem {A. magnifica). Cones large (in A. nobilis 26 x 10 cm.) 
and in most species the bract-scales are conspicuous (fig. 705, C, E). The cones 

^ Bailey (09). 2 Bommer, loc. cit. PI. ix. figs. 167, 168. 

3 For figures illustrating the range in form of cones, see KircKner, Loew, and 
Sehroter (06) pp. 152, 153. 

^ Schroter (97) figs. 24, 26. 

Barber (92). ^ Gard, Chron. June 3, 1893, p. 659. 

^ Kirchner, Loew, and Sehroter (06) fig. 26, p. 89. 

® Ibid. g. 90. Elwes and Henry (06) p. 717. 
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I’lG. 705. A, B; Short shoot and cone of Pseudolarix Kaempferi. C, Abies bmcteataf 
showing the long bract-scales. D, E, Abies concolor, cone-scale; &, bract- 
scale; s, seed. E. Abies Fraseri, cone-scale; 6, bract-scale. Q, Larix Oriffithi ; 
6, bract scale; < 9 , seed. (C — F, tiom the Gardeners^ Chronicle,) M. S. 



Fig. 706. Branches of Abietineae. A, Abies pecimaia. B, Tsuga canadensis. 
C, Pseudotsuga Douglasii. D, Picea excelsa. E, Cedrus Libani. Fy Larix 
etiropaea. (A. Pseudolarix Kaempferi. XMtev F&adle from Veitcli and after 
Engler and Prantl.),:., ■ " 
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of some species with concealed bract-scales, A. 'uioldc&d^i A, Wchl)i(mct‘'*, 
A.comolor (fig. 705, D, E), are hardly distinguishable from those of Picea and 
the larger cones oi Tsuga, while those of Abies amaUlis resemble Cedar cones. 

POBOOAEPINEAE. The wood agrees with that of the Cupressineae 
in the presence of sylem-parenchyma, but Gothan® states that the pores of 
the bordered pits on the radial walls of the medullary rays in the region of 
the spring-wood are narrow, elliptical, and vertical (fig. 693, K), while in the 
Cupressineae the pore is horizontal (cf. fig. 693, H), a feature that is not 
sufficiently constant to afford a trustworthy criterion. Podocarpus, Leaf- 
lamina linear and short (P, nivalis, etc.) as in longer and broader (inP. 

etes reaching a length of 29 cm, and 2 cm. broad), as in Cephalotaxus (fig. 
694, A) and the pinnae of small appressed and scale-Kke (P, cupressina) 
or ovate and provided with several veins (P. Nagi, 6 x 2 cm., P. Wallichiana, 
13 — 15 X 3-5 cm.). The leaves are opposite in the section (fig. 707), 

scattered in other species. Tison^ has shown that in the broad-leawed species 
only one vascular bundle is given off from the stele and this branches in the 
petiole, not in the cortex as in AgatMs. The leaf of P. macropliylla^ 
(5— 6 cm. X 7 mm.) represents a fairly common type: short reticulate tracheids 
occur on each side of the vein and elongated tracheids extend from the midrib to 
the leaf-edge. There are three canals near the lower surface, but in some species 
only one is present. P, formosensis^ has leaves like those of P. Bagi, 

but more rigid, thicker, and smaller; the epidermal cell-walls are thick and 
elongated and 4— 5 cells surround each stoma (fig. 701, a, b). The presence 
of hypodermal mechanical tissue distinguishes Podocarpus knves from those 
of Torreya, and another characteristic feature is afforded by the two kinds of 
accessory tracheids in place of the ordinary transfusion-tissue in the great ma- 
j ority of leaves. Reference has already been made to the ‘ cones.’ Dacrydiim. 
The dimorphism of the foliage-shoots is illustrated in fig. 708. The very 
simple type of megastrobilus is a striking feature (fig. 684, P). MicroeacJirys. 
Leaves small, appressed, in decussate pairsh As in Dacrydiim there is 
a single canal below the vein. Gothan notices the frequent occurrence of a 
single large pit in the field of the rays. The fleshy mulberry-like cone is 
a peculiar feature. Saxegothaea (fig. 687). Lindley the author of the genus, 
describes this Conifer as having the male^flowers of a Podocarp, the cones of 
an Agathis, the fruit of a Juniper, and the habit of Taxus. There is a canal 
below the vein, also lateral transfusion-tracheids but less numerous than in 
Podocarpus. The occurrence of pits in the horizontal walls of the ray cells 
is a character in which Saxegothaea differs from the genera comprised under 
the general term GupressinoxylonK The cones have alrccidy been described. 

1 Gard, Ch’on. Dec. 27, 1890. a 

! Gothan (05) p. 47. ' 4 yison (12) PI. iv. fi<r. 2. 

Stiles (12). ®Dummer(12). 

EookcY,\Y. J. leones Planiarum, lS4:S: 

® Veitch(00)p. 158; for figures, see Gard. June 22 1889 n 780 

Seep. 186. ’ .i-zo.-. 
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-ge-shoot. a, h. Epidermis with 
nat. size.) 



A B 

Fig. 708. A, Dacrydium elatum. B, Dacrydium araucarioides, (From specimens 
in the British Museum.) 

Pherosphaera, The vegetative shoots resemble those oi Micromchrys 
some Lycopods. The genus is peculiar among the Podocarpineae in the absence 
of an epimatium. Sinnott^ regards the megastrobili, composed of 2 — 5 one- 
seeded scales, as ‘the last step in reduction, but the difficulty is to discriminate 
between simplicity as a primitive and as a reduction-phenomenon, Phyllo- 
dadus (fig. G75). The clad odes have a central rib and several vascular 


Pilger (03) p. 117. Mr Sahni (Emmanuel College, Cambridge) has in prepar- 
ation an account of Acmopyle based on material collected in New Caledonia by 
Mr Compton,. 

2 Sinnott (13) p. 73; see also Masters (93) p. 6 ; Hooker, J. D., Icon. Plant, 1882, 
PI. 1383; Baker and Smith (10). 


100 CONIFERABES (RECENT) [CH. 


Acmopyle. This generic name was given to an imperfectly investigated New 
Caledonian Conifer formerly known as Dacrydium Pancheri. The sessile, 
decurrent, falcate leaves on the lateral branches (1 1*6 cm. x 2*5 inin.) are 

a characteristic feature, those on the main axis being small and scale-like^. 
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strands, and stomata occur on both surfaces^. The small megastrobili 
consist of spiral or decussate scales, each with one seed. Miss Young mentions 
the occurrence of tracheids with spiral bands : a single large pit occupies the 
field of a ray-cell as in Dacrydium FranMini^, The seed in the early stage of 
development shows signs of a ruminated endosperm. 

TAXINEAE. The occurrence of sphal bands in the secondary tracheids 
is a family-character but similar tracheids are not uncommon in other Conifers. 
Taxus. The difference in leaf -form and in the arrangement of the foHage is 
well illustrated by Kirchner and Schroter The leaves have recurved margins, 
a mucronate acute apex, and a small median vein. Torreya, In habit this 
genus resembles but the leaves are longer (6 cm. in T. calif ornica); 

there is a resin-canal below the vein and two conspicuous stomatal grooves on 
the lower surface with papillose epidermal cells (fig. 694, B) : the midrib is not 
prominent. Oephalotaxus. Leaves linear, more or less falcate, reaching a 
length of 12 cm. in 0. Henryi (fig. 709), with a prominent midrib and one canal 



Fig. 709. Cephalotaxus HenryL (British Museum; \ nat, size.) M. S. 


(fig. 694, A) ; there are no stomatal grooves. Seeds like those of Torreya in 
size and in the thick fleshy sarco testa and inner shell; the endosperm is not 
ruminated. Rothert® has described an interesting departure from the usual 
structure in the stem of €. koraina (according to Beissner = 0, pedunculata 
var. fastigiata) : a resin-canal occupies the centre of the pith and several short 
tracheids occur internal to the edge of the xylem-cylinder. There do not 
appear to be any anatomical characters apart from the spiral bands of the 
secondary tracheids by which the Taxineae can be distinguished from some 
Cupressineae and other Conifers: xylem-parenchyma is said to be present 
in both spring and summer wood oi Qephalotaxus drupacea^ while it is um^epre- 
sented in Taxus cuspidata a>nd Torreya 7iucifera^; the pits in the field vary 
in number and may be simple or bordered and in the latter case the pore is 
obliquely vertical. 

^ Robertson (06) ; Bernard (04) B. ; Stiles (12). 

2 Young, M. S. (10). ® Gothan (05) p. 55. 

^ Kirchner, Loew, and Schroter (06) p. 69. 

“ Rothert (99). ® Fujioka (13) 
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Sources of error in the determination of fossil Conifers. 

The determination of Conifers is one of the most difficult 
tasks of the palaeobotanist. It is comparatively seldom that well- 
preserved cones are found in organic , 

connexion with the twigs that bore 
them and the cones rarely exhibit those /' 

features which are the best guides to 
affinity. Excessive trust in superficial 
similarity has frequently led to the em- 
ployment of generic names suggesting 
relationships which are thoroughly mis- 
leading. In comparing fossil and recent 
forms authors are apt to confine their 
attention to the better-known types, 
forgetting that it is often with the less . 
familiar and geographically restricted, 
genera that extinct plants are most 
closely allied. Even the data supplied 
by petrified wood are often insufficient 
to enable the student to do more than 
refer a specimen to some comprehen- 
sive genus based on characters shared 
by several recent genera. Though it 
is as a rule easy to distinguish between 
the wood of a Conifer and that of 
Cycads and Dicotyledons, the agree- 
ment between the xylem elements of 
many Cycads and those of the Arau- 
carineae is sufficiently close to afford 
opportunity for error. The homo- 
geneous structure of the secondary 
wood of some Magnoliaceous genera, 
e.g.y Trochodendron and (fig. 

710), closelysimulates that of a Conifer, Fm.tio. Dnmys Winter!.. Trans- 
but the medullary rays are approxi- verse section of part of a stem, 
mately equal in breadth to the tra- perioyde fibres; 

cheids and the cells are more elongated 

^ Groppler (94) ; Solereder (99) p. S4; (08) p. 5, See also Jeffrey and Cole (16)* 
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vertically than in the rays of a Conifer. Attention has already been 
called to the difficulty of distinguishing between the foliage-shoots 
of some Conifers, Dicotyledons and Lycopodiaceous plants. The 




Fig. 711. A Veronica Hectori; 1^, 001111^8 calcaraiai 0^ 
D, Athrotaxis cupressoides ; 'E, Crassula lycopodioides. 


Vet'onica cupressoides; 

M. s.;' V,; 


twigs reproduced in fig. 711 are examples of misleading resemblances, 
and similar instances are cited by Bommer, The Conifer 
dacrydioides was described by Banks and SoMndei m Lycopodmm 

11—2 
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arboreum ; Dacrydium Bidwillii^, D, FranMini and D. a/raucarioides 
(fig. 708, B) recall some species of Lycofodiimi, and D. cufressinuyn^^, 
a dimorpiiic species, may simulate Lycof odium tetragonum. The 
long, linear, distichous leaves of some species of Podocarjms and 
GeydiaMaxm might, as fossils, be confused with the pinnate leaves 
oiCycas; further, as Bommer points out, the leaves of Podocarpm 
Skmei resemble those of Agathis and the seeds are similar to those 
of Dehmsia media (Lauraceae). The Cufressus type of shoot 
occm’s in Bacc/mns scolopendra a.s in other Dicotyledonous plants 
(fig. 711), The presence of a midrib in a linear Taxus-like leaf 
though usually easy to recognise is not always obvious, e.g., in 
Torreya nucifera the midrib cannot always be distinguished on 
the upper face of the leaves. The recurrence of a similar habit 
in many Conifers renders difficult the identification of vegetative 
shoots, particularly as in fossil specimens the precise method of 
attachment of the leaves, their texture, and other features are 
frequently unrecognisable. .The tendency to dimorphism in 
many genera is another difficulty : examples of dimorphic shoots 
are afforded hj Dacrydium laxifolium, D,Kirhii, D. elatium (fig. 708, 
A), Juniferus cMnensis, Araucaria excelsa, Callitris glauca, Podo- 
car f us cuyressina^, P. imhricata^ Thuya occidentalism etc. Allusion 
has been made to the considerable variation in the length of leaves 
on a single branch of different Conifers : in such a form as Crypto- 
nieria japonica var. spiralis Sieb. and in similar varieties of other 
genera the spirally twisted leaves, reminding one on a small scale 
of the 'wind-blown’ Acanthus leaves on a Byzantine capital, 
constitute a feature which might be regarded as of taxonomic 
importance. The investigation of the cuticular membranes of 
Conifer leaves, as yet but little attempted, may supply useful 
criteria as in the case of Cycadean fronds. 

^ Pilger (03) fig. 4 A. 2 Kjrjj; ( 39 ) pis. xyiii., xix. 

® Bennett and Brown (52) PL X 


CHAPTER XLIV. 

CONIFERALES (FOSSIL). 

The task of deciphering the fragmentary remains of Conifers 
is particularly difficult and no branch of palaeobotanical research 
makes greater demands upon the patience and self-control of the 
student. As Saporta says, 'Aucune etude n'ouvre des perspec- 
tives plus etendues, mais aucune aussi n’exige plus de reserve et de 
tatonnements^.’ The determination of impressions of ill-preserved 
vegetative shoots is often impossible and it is regrettable that many 
authors have been too ready to employ generic names denoting 
identity or close relationship with recent types on wholly inade- 
quate grounds. A recent writer thus sums up the situation 
created by an excessive faith in superficial resemblances and a 
lack of familiarity with existing representatives of the group: — 

^ Where a knowledge of reproductive parts is lacking, chaos reigns 
supreme.’ It may be added that impressions or casts of cones in 
many cases do not afford any real assistance. A comparison of 
the various forms of foliage-shoots and strobili met with among 
recent Conifers demonstrates the danger- of placing confidence 
. in external resemblance as a guide to affinity. It is seldom that 
reproductive organs are well enough preserved to enable us to 
recognise features of primary systematic value. Though little 
has so far been done to test the value of epidermal characters as 
aids to identification, such results as have been obtained^ favour 
the conclusion that this line of investigation promises to be less 
fruitful for Conifers than for Cycadean plants. Petrified wood of 
the Conifer type is abundant in plant-bearing strata from the later 
Palaeozoic rocks upwards, and considerable pains have been taken 
to utilise to the full this source of information. Within wide 
limits anatomical characters are undoubtedly valuable, but the 
recent tendency to subdivide comprehensive genera, which are 

1 Saporta (62) p. 309. ^ Holden, R. (IS^). 
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recognised as embracing several recent genera, into genera implying 
a limitation of affinity within narrower bounds has, I venture to 
think, been carried too far. The investigation of fossil coniferous 
wood, in spite of the disappointing quality of the data from the 
systematist's point of view is well worth attention. An examina- 
tion of fossil wood from different geological horizons brings to 
light many striking instances of a mixture in single plants of 
features now characteristic of distinct genera. It is the generalised 
forms that throw light on the nature of the changes produced in 
anatomical structure in the course of evolution. The older and 
more generalised types are of special importance to the student of 
phylogeny. The very difficult question as to the stock from, which 
the Conifers are derived is too wide to be adequately discussed in 
a general treatise. It is probable that the Coniferales are mono- 
phyletic, the Araucarineae being the oldest representatives of the 
group while the Podocarpineae are a closely lelated series. The 
widely held view that the Araucarineae are descended from Cordai- 
talean ancestors is by no means definitely established ; it rests 
mainly on anatomical evidence and the arguments based on a 
comparison of the reproductive shoots are far from convincing. 
On the other hand those who favour a Lycopodiaceous ancestry 
for the Coniferales are confronted with difficulties which, though 
I venture to think they are not insurmountable, have not been 
adequately met^. The suggested linking up of the Cordaitales,, 
through types in which the cylinder of secondary xylem is sup- 
plemented by separate primary strands of vascular tissue, with 
Lyginopteris and other Pteridosperms leads to the inclusion of the 
Coniferales among the descendants of an ancient Filicinean stock, 
but here too the chain of evidence is incomplete particularly as 
regards the lack of data as to the nature of the reproductive organs 
of several Palaeozoic genera founded on anatomical characters. 

The problem is still unsolved: the discovery of additional 
types and a more thorough comparative study of such data as we 
possess may enable us to see more clearly the paths along which 
evolutionary tendencies have operated, but the absence of records 
of the vegetation of pre-Devonian times deprives us of the means 
of following to their common source the different phyla of vascular 
^ For a useful summary of arguments see Burlingame (15). 


XLIV] GYMNOSPEBMOUS WOOD 167 

plants which in the Permo-Garboiiiferoiis era had already advanced 
far beyond the simple ancestral forms which the botanist seeks 
but rarely finds. 

The various examples of fossil genera founded on the anatomical 
features of vegetative organs are dealt with in a separate section 
and not included with impressions in the descriptions of the several 
families, partly on the ground that it is rarely possible to demon- 
strate a connexion between the two sets of records and in part with a 
view to give a more connected account of the results so far derived 
from a study of petrified wood. Cross-references to anatomical 
structure are given in the descriptions of vegetative and repro- 
ductive organs when there appear to be sound reasons for assuming 
a generic or family connexion. The classification of woods is at 
best provisional and the generic characters are far from constant. 
The main point is that the student cannot afford to neglect this 
line of enquiry if he desires to obtain a comprehensive view of 
the changing combinations of structural features preceding their 
distribution among existing genera. 

A comparison of recent Conifers and Cycads with their Mesozoic 
representatives brings out very clearly the fact that while on the 
one hand the modern Cycads differ widely from the Cycadean 
type which played a prominent part in Mesozoic floras, recent 
Conifers on the other hand agree closely in their main features 
with their Mesozoic ancestors. The Cycads as we know them now 
are a more recent product of evolution than the Conifers though, 
it by no means follows that the Conifers in the wide sense are 
the more ancient group. 

Fossil Gymnospermous wood (Coniferales). 

The earliest attempts to identify petrified wood are summarised 
by Goeppert^, Knowlton^, and other authors. Luidius (Lhwyd)^ 
at the end of the seventeenth century employed the general desig- 
nation Lithoxylon, and the termination is still used in generic 
names applied to fossil wood in conjunction with some prefix im- 
plying agreement in the more important anatomical features 
with some recent genus or family. For woods exhibiting a 
combination of characters unknown in existing genera a distinctive 

^ Goeppert (50). ^ Knowlton (89^); Gothan ^ Luidius (1699) A. 
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prefix is employed, e.g,, Xenoxylon, and some authors make use 
of a name, e.g., Woodwortkia, which does not indicate that the 
diagnosis is based on anatomical features. Conwentz^ adopted 
the method of adding the prefix RUzo- to generic terms for wood 
believed to belong to roots, and Felix^ and Lignier^ have employed 
the prefixes Cormo- and Clado- for stem- and branch-wood respec- 
tively. It is, however, seldom that such differentiation is possible 
and it is questionable whether it is wise to attempt refinements of 
this kind. Barber^, in his critical paper on a species of Cuffessino- 
xylon, cedh attention to Strasburger’s description of an old mori- 
bund stenr of with root-like characters and Gothan^ speaks 
of a branch of Finns silvestris with root-attributes. The differences 
between branches and the main stem are not sufficiently known 
even in the more familiar types to justify the use of the prefixes 
Como- and Otorfo- in descriptions of fossil specimens. 

The scientific study of fossil wood began with Nicol® and 
Witham whose work was rendered possible by methods of section- 
cutting first employed, according to Nicol, by a Mr Sanderson, a 
lapidary. Opinions expressed by Nicol on methods of investi- 
gating petrified wood are still pertinent after a lapse of 80 years 
'To pronounce with certainty whether a fossil Conifer be essen- 
tially different from any known individual of the recent kind, it 
would be requisite to have a thorough knowledge of the structure 
at least of all the different tribes of recent Coniferae; and yet 
several distinct fossil genera have been indicated by a person who 
has examined, and that too very superficially, only three slices of 
three recent Pines, differing not essentially from one another.' 
In recent years the tendency has been towards a more detailed 
study of anatomical characters such as the distribution and form 
of the pits on medullary-ray cells. The facts recorded in the 
Chapter on Eecent Conifers illustrate the difficulty of arriving at 
a thoroughly satisfactory classification of anatomical features that 
may serve as criteria in the identification of recent genera : even 
in the case of well-preserved fossil wood we have as a rule to rest 
content with a generic name denoting a combination of characters 
met with in more than one existing genus. Moreover, as already 

2 Felix (82). (07^). 

* Gothan (05) p. 19. ^ NicpI (34) A.^ 


^ Conwentz (80) A. 
Barber (98). 
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shown, recent work has tended to reduce the taxonomic value of 
certain characters such as the occurrence of ray-tracheids which 
are more widely distributed than has generally been supposed. 
In this connexion a word may be added with regard to some 
common sources of error in anatomical investigation. There is 
the obvious danger of confusion between features due to petrifying 
agents or to decay before petrification and those present in the 
living tree : the thickening of cell- walls, those of medullary 

rays, has been shown in some cases to be a pathological pheno- 
menon^. The partial obliteration of bordered pits by decay may 
cause them to appear separate though originally in contact (fig. 
475, B, Vol. HI. p. 257). The recognition of pits on the tangential 
and horizontal walls of medullary-ray cells is oftenvery difficult, and 
negative evidence may be misleading. It is by no means always 
a simple matter to distinguish between true canals and canal-like 
spaces formed by the destruction of groups of tracheids {e.g., 
Pityoxylon eiggense; fig. 725). In one case it has been shown 
that leaf-traces traversing broad medullary rays were mistaken 
for horizontal resin-canals^. The spiral lines frequently seen on 
the walls of petrified tracheids caused by the directive influence on 
the structure of the membrane of the course of enzyme-action may 
simulate the spiral bands characteristic of Taxiis^ and 

CepJialotaxus. These are a few of the pitfalls in the path of the 
palaeobotanist, but despite the difliculties and the frequency with 
which imperfect preservation prohibits complete diagnosis, the 
investigation of fossil wood is well worth the attention of students 
equipped with an intimate knowledge of recent Conifers. The 
unpromising nature of the material may be a deterrent, though 
lignitic and other specimens not thoroughly petrified are amenable 
to special treatment^. 

In the account of recent Conifers attention is called to the sig- 
nificance of rings of growth : the subject has recently been exhaus- 
tively treated by Antevs^ and students should consult his memoir 
in the Progressus fei botanicae for references to the literature. The 

^ Gothan (07), p. 25. 

2 .PenhaUow (00) p. 76; Thomson and AUm ( 12). ^ ^ ^ 

^ For methods, see Jeffrey and Chrysler (06) ; Hollick and Jeffrey (09) B. 
Gothan (09); Sinnott (09). 

" ■ ^'Antevs (17), 
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subject is interesting and beset with difficulties but well wortliy 
of more thorough treatment than it has so far received. Though 
petrified Coniferous stems are usually represented by the secondary 
wood only, the phloem and cortical tissues are sometimes preserved 
and afiord useful information. Examples of petrified phloem and 
other extra-xylem tissues are described by Lignier and other 
authors. In his description of silicified plants from Franz Josef 
Land, of Lower Cretaceous or Upper Jurassic age, Solms-Laubach^ 
includes some pieces of Coniferous bark showing patches of peri- 
derm alternating with secondary phloem consisting of sieve-tubes, 
phloem-parenchyma, and fibres, also some stone-cells. Some of 
the sieve-tubes are shown in fig. 718, B, with well-preserved sieve- 
plates, a feature very rarely preserved. There is not enough wood 
associated with the phloem and periderm to serve as a means of 
identification, but Solms-Laubach speaks of the bordered pits on 
the tracheids and the pits of the medullary rays as indicating 
Pityoxylon or Cedroxylon, 

A n^w generic name Vectiah.m been instituted by Dr Marie 
Stopes^ for a mass of petrified phloem which she compares more 
especially with the phloem of recent Conifers : while recognising that 
^ the specimen cannot be assigned with confidence to a particular 
group of Gymnosperms I venture to think it is almost certainly 
a portion of a Cycadean stem. 

Reference has already been made in the section devoted to 
the anatomy of recent Conifers to the relative importance and con- 
stancy of different characters from a taxonomic point of view and 
this question need not be further considered. The method of 
classifying coniferous wood in general use is based on a scheme 
proposed by Kraus^. A modified form of this scheme was pub- 
lished by Schenk^ and more recently Penhallow^ Jeffrey, Lignier, 
Gothan, Dr Stopes, and other authors have considerably extended 
our knowledge. Dr Gothan®, whose memoir on the anatomy 
of Conifers contains much valuable information, employs several 
generic names denoting identity with recent types, and while 
admitting the great advance made, by him and other workers in 

i Solms-Laubach (04). ’ ^ gropes (15) p. 247, Seep. 419, Vol m. 

® Kraus in Schimper (72) A. p. 363. 

^ Schimper and Schenk (90) A. p, 860. 

^ Penhallow (07).^ « Oothan (05). 
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this fieldj it is difficult to avoid a suspicion of overstraining 
the significance of certain anatomical minutiae beyond the limits 
of safety. 

The great abundance of petrified wood in strata ranging from 
the late Palaeozoic through the Mesozoic and Tertiary formations. 



Fig. 712. Section of the north face of Amethyst Mountain, Yellowstone Park. 

(After Hohnes.) 

often in places which have yielded few other plant fossils, is in 
itself a strong incentive to research in a department of palaeobotany 
that has suffered from superficial work and hasty conclusions. 
Petrified tree- trunks are among the most impressive monuments 
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of former ages : tlie petrified forests in the desert east of Cairo ^ * 
the vast accumulation of Triassic stems, some reaching a length of 
200 ft. and 7—10 ft. in diameter, over an area of 10 square miles 
in Arizona County 2 . the succession of Tertiary forests in 2000 ft. 
of volcanic sediment exposed on the sides of Amethyst Mountain 
ill the Yellowstone Park^ (fig. 712); and on a smaller scale the 
Jurassic trees in the Portland quarries are a few of many striking 
examples of the wealth of material. 

CLASSmCATION OF FOSSIL CONIFEROUS WOOD. 

A. ATaumrian fitting on the tmcheids. 

I. DADOXYLON. (Including Araucarioxylon of Authors.) 

Bordered pits on the radial walls of the tracheids, if uniseriate 
flattened above and below, when in two or more rows alternate 
and polygonal ; separate and circular pits, though rare, may occur. 
Eims of Sanio usually absent though their occasional occurrence 
on the secondary tracheids in the cone-axis of recent species of 
the Araucarineae shows that they are not entirely foreign to wood 
of the Araucarian type. 

Xylem-parenchyma absent or rare and may be represented by 
resiniferous tracheids. Medullary rays uniseriate, rarely double; 
horizontal and tangential walls smooth; there may be 1 — 15 
small pits in the field, though whether they actually belong to the 
walls of the ray cells or to the adjacent tracheids has not been 
definitely determined in fossil species. The pits are simple or 
bordered, circular or elliptical 

Eesin-canals are absent both from normal and wounded wood. 

Palaeozoic to Eecent. 

B. Pitting on the radial walls of the tracheids of the comynon 
Coniferous tyfe; the fits are sefarate and circular and^ if in tivo 
or yyiore roivs^ offosite. Contiguous and more or less flattened fits 
occur sfasyyiodically on the tracheids of the wood of the genera included 
%n this section, Well-develofed rims of Sanio usually occur on the 
tracheids, 

Unger .(59.).. 

2 A good example of an Arizona tree- trunk is exhibited in the Plant-Gallery of 
the British Museum. See Ward (00®). 

® Knowlton (99); Holmes (78); Seward (IP) p. 60, fig. 6. 
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IL GUPKESSINOXYLON. (Including Glyftostfohoxylon 
Taxodioxylon,) 

Xylem-parencliyma scattered through the wood and not con^ 
fined to any particular region, often containing resin ; the trans- 
verse walls may be thick and pitted. Medullary rays uniseriate, 
horizontal and tangential walls smooth (unpitted); there are 
generally several small pits in the field though in some species 
referred to this genus there may be a single pit. In the region 
of the spring- wood the pore of the apparently bordered ray-pits 
is more or less horizontal ; but the form and position of the pore 
are variable. 

Resin-canals absent except in wounded parts of the wood. 

Jurassic to Recent. 

III. TAXOXYLON. 

The same anatomical features as in Cupressinoxylon except 
that the tracheids of the secondary xylem have spiral thickening 
bands. Tertiary to Recent. 

IV. MESEMBRIOXYLON. Gen. nov. (Including Podocar- 

poxylon, PJiyllocladoxylon and Paraphyllocladoxylon,) 

Xylem-parenchyma usually present and scattered, but it is 
not so characteristic a feature as in Cupressinoxylon, 

Medullary rays usually uniseriate; the pitting is confined to 
the radial walls as in Cupressinoxylon but in the region of the spring- 
wood the pore is oblique or more or less vertical; in the summer- 
wood the pits in the field are indistinguishable from those of 
Cupressinoxylon. There are often several pits in the field but in 
some species there may be one or two large simple pits in the field. 

Resin-canals present only in wounded parts of the wood, 
Jurassic to Recent. 

V. PARACEDROXYLON. 

A genus of doubtful affinity. Bordered pits on the tracheids 
usually separate; no rims of Sanio. 

Xylem-parenchyma confined to wounded regions. Medullary- 
ray cells pitted only on the radial walls except in the injured parts 
of the wood where the other walls may be pitted. There are 4 — 6 
circular, apparently bordered, pits with an oblique pore in the 
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field. In the characters of the normal wood this genus agrees 
most closely with GiifTessinoxylon m.di Mesembrioxylon, 

Cretaceous. 


-VI.; OEDEOXYLON. . 

In some species included in this genus contiguous and flattened 
bordered pits are fairly common on the radial walls of the tracheids. 

Xylem-parenchyma, if present, confined to the late summer- 
wood. 

Medullary rays uniseriate ; all the walls are pitted ; tracheids 
may be present in the rays though they are usually absent. There 
are I — 6 or rarely more pits in the field, either simple or apparently 
bordered. Eesin-canals confined to wounded regions. 

Jurassic (Triassic species doubtful) to Eecent. 

VII. PITYOXYLON. (Including Piceoxylon and Pinuxylon.) 

Though in the great majority of cases the tracheids of the 

secondary xylem have no spiral bands, the presence of such bands 
in the recent genus Pseudotsuga shows that this feature may occur 
in wood of the type. 

Eesin-canals present in the normal wood. Medullary rays of 
two kinds, uniseriate rays consisting of parenchyma and, in many 
cases, ray- tracheids, also fusiform rays with horizontal resin-canals. 
The walls of the ray-tracheids are either smooth or irregularly 
dentate. All the walls of the medullary^ray cells are pitted; 
there may be one large simple pit in the field or several small, 
apparently bordered, pits. 

Jurassic to Eecent. 

VIII. PEOTOPICEOXYLON. 

Similar to Pityoxylon except in the absence of horizontal 
resin-canals in the normal wood ; such horizontal canals as occur 
are regarded as traumatic. 

Cretaceous to Tertiary. 

C. Genera in ivhich Amumfian features, especially as regards 
the tracheal fitting, occur in association with characters met with in 
recent Abietineae, The genera included in this section afford examples 
of generalised types and do not resemble recent forms so closely as do 
the other genera. 
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IX. WOODWORTHIA. 

Araucarian tracheal pitting; annual rings feebly marked. 
Short shoots and a subtending leaf are present in the secondary 
wood. Resin-canals absent. 

Medullary rays uniseriate ; pits confined to the radial walls. 

Triassic. 

X. ARAUCARIOPITYS. 

Similar to Woodworthia in the possession of short shoots and 
in the pitting of the tracheids though separate and circular pits 
also occur. Vertical resin-canals abundant in wounded regions. 
Medullary rays uniseriate; all the walls pitted. 

Cretaceous. 


XI. PROTOCEDROXYLON. (Including Metacedroxylon.) 

Bordered pits on the radial walls of the tracheids in 1 — 3 rows, 
usually of the Araucarian type but separate pits also occur. No 
rims of Sanio and no resin-canals. 

Xylem-parenchyma usually absent. Medullary rays generally 
uniseriate ; all the walls pitted ; 1 — 3 circular, simple, pits in the 
field. 

Jurassic. 


XII. XENOXYLON. 


* Tracheal pits large, generally flattened above and below though 
not always, often transversely elongated. Resin-canals absent. 

Medullary rays uniseriate ; -pitting confined to the radial walls ; 
usually one large simple pit in the field. 

Jurassic (Triassic?). 

XIIL ANOMALOXYLON. 

When uniseriate the pits on the tracheids are usually contiguous 
and flattened; if biseriate the pits are opposite; separate pits also 
occur. 

True resin-canals absent, but canal-like spaces lined with small 
cells occur in some large medullary rays and constitute a charac- 
teristic feature. • 

Medullary rays uniseriate; pits confined to the radial walls; 
2 — 3 circular simple pits in the field. 

Jurassic, 
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XIV. THYLLOXYLON. 

Traciieal pitting partialiy Araucarian. 

Xylein-parencliyma at the end of a year’s growth. No true 
resin-canals, but the central parenchyma of some of the broader 
rays is replaced by a canal-like space often filled with tyloses. 

Medullary rays uniseriate; all the walls pitted. 

Jurassic. 

XV. PLANOXYLON. 

Wood with well-marked annual rings, resin-canals usually 
absent; tracheids with 1*— 3 rows of alternate hexagonal bordered 
pits on the radial walls and in the late wood there may be a single 
row of separate pits. Xylem-parenchyma occurs only bfetween the 
spring elements and the last-formed tracheids of the previous year. 
Medullary rays almost entirely uniseriate; all the walls pitted. 

Lias to Cretaceous. 

I. DADOXYLON [and udmwcanOiTt/fon]. 

The anatomical characters implied by the expression Vood of 
the Araucarian type’ are enumerated in the Chapter on Recent 
Conifers, and in Chapter xxxni. reference is made to the impossi- 
bility of drawing a clear line of division between the wood of 
Araucarian plants and that of certain members of the Cordaitales^# 
The ndi>me'ArcmcaTites was used by Goeppert^ for fossil wood of 
the Araucarian type, but the previous use of this name by Presl 
for impressions of foliage-shoots and cones renders unsuitable its 
application to wood apart from the fact that Araucarites Sit once 
commits an author to a determination implying an affinity which in 
many cases cannot be demonstrated. Endlicher’s non-committal 
genus Badoxyhn^ has been widely used, especially for Palaeozoic 
wood having the characters oi Araucaria or Cordaites. TAm 
designation leaves open the question of precise systematic position. 
In 1882 Kraus^ instituted the genus Araucarioxylon, a name which 
has been widely adopted for fossil wood both from Palaeozoic and 
later formations. The practice of limiting Dadoxylon to Palaeozoic 
species and reserving Araucarioxylon for Mesozoic and Tertiary 

^ See p. 248, Vol, in. - Goeppert (45). 

® Endlicher (47). ^ Kraus in Schiniper (72) A. p. 370. 
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wood has already been criticised^ : it is pointed out that the appli- 
cation of an age-test is scientifically unsound and cannot fail to 
be misleading. Although it is probably true that species of 
Dadoxylon from strata later than the Rhaetic series are in the 
majority of cases Araucarian, we have no adequate grounds for 
definitely naming such types Araucarioxylon in the sense of 
membership of the Araucarineae. Similarly some Palaeozoic 
species of Dadoxylon m.d,j well be more closely allied to the Arauca- 
rineae than to Cordaites: Dadoxylon mldajolense (Moug.)^ and 
D, Rhodeanum (Goepp.)^ have both been referred to Walchia: the 
latter species is included by Tuzson in the genus Ullmanmtes. We 
do not know the lower geological limit of the Araucarineae, nor 
do we know when the Cordaitales became extinct. Tuzson^ 
subdivides wood of the Dadoxylon type into several genera in- 
cluding Pycnofhyliimi, to which is referred Dadoxylon Brandlingii 
(Lind, and Hutt.), DUmannites applied to the type recently 
named Eristophyton Beinertiamim by Zalessky and previously in- 
cluded by Scott in Calamopitys, also to Dadoxylon Rhodeanum 
and D. saxonicum, PagiophyUites, including P. heuperianus 
(Goepp.), and for Tertiary species the term Araucarites is used. 
This nomenclature, based partly on age and in part on a supposed 
connexion between the wood and foliage-shoots, is oppos“ed to 
sound principles and in some cases is at variance with the true 
character of the species. When evidence is available in support of 
a reference either to the Araucarineae or to the Cordaitales the 
qualifying terms Cordaioxylon or Araucarioxylon may be added 
after Dadoxylon. Such a species as Dadoxylon permicum Merck.^ 
is one of many examples of a Dadoxylon that cannot be more pre- 
cisely identified. Dadoxylon australe Crie® from Triassic rocks in 
New Caledonia must be included in the same category. This 
species is founded on wood showing well-marked rings of growth; 
there are two or more rows of alternate polygonal pits on the radial 
walls of the tracheids and the medullary rays are uniseriate and 
3 — 15 cells in depth. Crie’s species should not be confused with 

^ See p. 249, Vol. III. See also GotKan (05) p. 14; Potonie (02) p. 229. 

Fliche (03); Mougeot (52) A. 

3 Potome (99) B. p. 294; Gothan (07) p. 17; Tuzson (09) p. 34. 

^ Tuzson (09) p. 17. ^ Mercklin (55) p. 53. 

® Crie (89) p. 5, Pis. X., III., V. 
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Dadoxylon austde Arber^ based on Palaeozoic wood from 
Australia : tbe substitution of Dadoxylon for Araucanoxylon, the 
name used by Crie for his New Caledonian species/ necessitates 
a new specific designation for ArbePs type, which it is proposed 
to rename Dadoxylon Arberi, From Liassic beds in Yorkshire 
Miss Holden 2 has described a species sls Araucarioxylon sp. which 
she suggests may be one of the oldest representatives of the Arau- 
cariiieae or perhaps a Jurassic example of Cordaites: the latter 
identification is supported by a reference to the recorded occurrence 
by Lignier of an Artisia^ in French Jurassic beds,' a test of afl&nity 
that cannot be accepted as satisfactory. 

There remains for consideration the debated question as to the 
value to be attached to the occurrence of contiguous and flattened 
pits as an index of Araucarian affinity when this feature is associated 
with a type of medullary-ray pitting foreign to Dadoxylon. In 
Gothan’s genus Xenoxylon^ the tracheids have usually large 
flattened pits, but the pits on the radial walls of the medullary- 
ray cells are very different from those characteristic of Arauca- 
rineous wood. It is, moreover, not uncommon to find instances of 
contiguous and alternate pits on the tracheids of a stem in which 
the more usual type is the Abietineous arrangement. Gothan® 
lays greater stress on the nature of the pitting on the walls of 
medullary cells, but Jeffrey® has discovered typical Abietineous 
ray cells in the cone-axi^ of Araucaria and Agathis. Miss Holden ^ 
goes so far as to maintain that the only feature which holds 
absolutely is provided by the rims of Sanio : these are invariably 
absent in Conifers with Araucarian affinities 'except on the first 
few tracheids of the cone-axis of Araucaria and Agathis. This 
author records as Araumrioxylon sp.® a wood (described on a later 
page) from New Jersey possessing opposite pits on some of the 
ti'acheids, also rims of Sanio. We cannot lay down any definite 
rules with regard to the sporadic variation in tracheal or medullary 
pitting or as to the relative value to be assigned to one or other 
character. The statement by Thomson® that the ray cells of such 

^ Arber (05) B. p. 191, text-figs. 4G~--43. 

“ li olden, R. (IS^) p. 540, PI. xi.. fig. 28. ^ Seep. 248, Vol. in. 

^ See page 248, Vol ni. ® Gothan (05). e Jefirey (12). 

" Holden (14) (13“) p. 544. See also Sif ton (15). 

^ Holden (14) p. 171. » Tlioinson (13). 
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Araucarias as he examined have no pits even on the radial walls 
leads one to suspect the accuracy of some of the many recorded 
instances of fossil Araucarian wood with medullary-ray pits ; but 
this does not affect the value to be attached to the presence or 
absence of well-defined pits on the vertical or horizontal walls of 
niedullary-ray cells. It is generally true that in the ray cells of 
Abietineae these walls are pitted while in the Araucarineae they 
are unpitted, and it is equally true that the predominance of 
alternate and contiguous pits on the tracheids is evidence of Arau- 
carian affinity. Though generally absent from Araucarian wood 
xylem-parenchyma occasionally occurs in stems otherwise iden- 
tical with the usual Araucarian type. The genus Amucariofsis'^ 
was instituted by Caspary for specimens distinguished from most 
examples of Dadoxylon by the presence of scattered xylem-paren- 
chyma but, as Gothan^ points out, a distinctive name is super- 
fluous ; the type-species of Armicario'psis, A. 7nacractis, should be 
transferred to Dadoxylon ; in the possession of xylem-parenchyma 
it agrees with Dadoxylon septentrionale Goth, from Spitzbergen. 
The importance attached by Jeffrey and other American authors 
to the presence of Sanio’s rims on the tracheal walls is, I venture 
to think, greatly overestimated. The determination of fossil wood 
is to a large extent a question of relative values. There is clear 
evidence, and it would be surprising were it not so, that in several 
extinct types there are combinations of character pointing to less 
sharply defined boundaries than those which delimit existing 
families and genera. It is in the 'conclusions drawn from general- 
ised types that authors differ. An outstanding fact is the pre- 
dominance in Palaeozoic stems of the Araucarian form of tracheal 
pitting which is unquestionably a much older type than that 
characteristic of the Abietineae. The following definition is based 
on specimens agreeing in the sum of their characters with recent 
Araucarineae, but there are various genera described by Jeffrey, 
Miss Holden, -and other authors and believed by them to be more 
or less closely allied to the Araucarineae which are not provided 
for in the definition. These genera are treated separately as 
generalised types and the decision as to the nature of the evidence 

^ Caspary and Triebel (89) p. 81. Pis. xiv,, xv. 

^ Gothaii (10) p. 9. 
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they afford with regard to the phylogeny of the Araucarineae and 
the Abietineae must be left to the individual student. 


Annual rings occasionally well marked but not infrequently 
absent or indistinct. Tracheids with uniseriate and more or less 
flattened bordered pits or with two or more rows of alternate 
polygonal pits on the radial walls. The alternate disposition^ 
even if unaccompanied by flattening and the polygonal contour 
of the pits, is a Dadoxylon feature if it is the dominant arrangement 
and not a sporadic occurrence. Bordered pits occasionally occur 
on the tangential walls but they are smaller and comparatively 
rare. Einis of Sanio absent. Xylem-parenchyma usually absent 
or feebly developed; resiniferous tracheids occasionally present. 
Medullary rays uniseriate, very rarely double, homogeneous, — 30 
or as many as 50 cells deep ; walls comparatively thin and without 
pits on the horizontal and vertical walls ; the radial walls may show 
1 — 15 small pits, the oblique pore being occasionally enclosed in a 
feebly developed border. In view of the entire absence of pits on 
the ray cells of at least some recent Araucarias the structure of the 
ray cells in fossil stems requires careful revision^. 

In the following brief descriptions of species of Dadoxylon a few 
examples are chosen to illustrate the wide . geological and geo- 
graphical range of fossil wood of this type, but it must be remem- 
bered that in many cases no positive statement can be made with 
regard to the nature of the parent-plant beyond the facts afforded 
by the anatomical characters of the stem. Evidence bearing on 
the geological age of the Araucarineae is discussed in the course 
of the description of genera founded on vegetative shoots and 
reproductive organs. Species of Dadoxylon from Carboniferous 
and Permian strata have already been described in Chapter xxxiii. 
as more probably referable to Cordaites or at least to the Cordai- 
taies, and it is not by any means impossible that some of the 
Dadoxylons recorded from Triassic or even higher strata may 
belong to Cordaitalean species rather than to the Araucarineae* 
The evidence afforded by petrified wood in conjunction with that 
derived from vegetative remains lends probability to the view that 
Araucarian plants existed at least as early as the later Palaeozoic 
^ See^ m acMition to Kraus and other authorities, 
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age. The lack of satisfactory knowledge with regard to the mor- 
phology of the reproductive organs of such genera as IfafcAm, 
Voltzia, and other plants closely resembling living Araucarias in 
the habit of their foliage-shoots precludes any definite statement 
as to the precise degree of relationship between these and other 
types and existing Araucarineae, though it is certain that the 
Araucarineae were at least foreshadowed before the close of the 
Palaeozoic era. 

Dadoxylon JceiiperiamM (Goepp.). 

This species^, from Franconia and Wurtemberg, is considered 
by Schimper^ on the ground of association to be the wood of 
a Voltzia, and Tuzson^ adopts the generic name PagiophylUtes 
implying relationship with PagiopJiyllum ; he includes in D. 
Jceuferianum the species Araucarioxylon wiirtembergicum Kr. and 
A. ihufingicMm Born‘S. The tracheids of D. heupenaniim have 
one or more rows of contiguous and more or less flattened pits; 
the medullary rays are uniseriate and 2 — 50 cells in depth ; 
Tuzson figures 2 — 4 circular simple pits in the field. Though 
possibly belonging to Voltzia or Pagiophyllum this wood is best 
retained iix Dadoxylon. Other Triassic Dadoxylons are described, 
by Wherry^ from Pennsylvania: he records Araucarioxylon vir- 
ginianum, a species described by Knowlton® from Potomac beds, 
and A. vanartsdaleni : in both forms the tracheal pits are com- 
pressed and alternate, the rings of growth indistinct, and the 
medullary-ray cells are said to have no pits. Eeference has 
already been made to a Triassic species from New Caledonia, 
D. austr ale (Oiie). 

Dadoxylon septentrionale Gothan. 

This species^, founded on material believed by Gothan to be 
Triassic in age, has the following characters Annual rings often 
distinct macroscopically but microscopically showing little con- 
trast between spring- and summer- wood ; bordered pits in a single 
row and separate or polygonal axid in two alternate rows ; they are 
often arranged in stellate clusters as in some species of Cedroxylon. 

^ Goeppert (81) p. 42. ^ Soi^iniper (72) A. p. 384. 

3 Tuzson (09), p. 30, fig. ^ Schimper (72) A. p. 384. 

^ Wherry (12). " e Knowlton (89^), PI vii. figs. 2—5. 

" Gothan (10) p, 8, PL i. figs, 4— 8, PI. ii. fig. 
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Medullary rays iiniseriate, reaching a depth of 30 cells, 2—4 
elliptical ohliq_ue pits in the field; wood-parenchyma, often with 
dark contents, is not uncommon. Gothan emphasises the abund- 
ance of xylem-pairenchyma as a character in which this species 
difiers from typical Dadoxylons. 

Dudoxylon mahajambjense (Fliche). 

Fliche^ described this species, from Liassic strata in Madagascar, 
under the name Araucarioxylon : the radial walls of the tracheids 
have two rows of contiguous and alternate pits; the medullary 
rays are uniseriate, usually 8 — 16 cells deep, and small circular 
pits occur on the radial walls. 

Dadoxylon divescence (Ligniei), 

An Oxfordian species from Normandy characterised by leaf- 
traces larger than those of Araucaria imbricata and, as Lignier^ 
states, suggesting leaves comparable in size with those of Cordaites. 
The tracheids have 1—4 rows of pits and the medullary rays are 
8—11 cells in depth. 

Dadoxylon argilUcola (Eichwald); recorded from Moscow®, is 
another example of a similar type of wood, and many other in- 
stances might be quoted in illustration of the wide distribution 
of vegetative organs in Jurassic beds agreeing anatomically with 
the Araucarineae. 

Dadoxylon {Araucarioxylon) novae zeelandiae^ (Stopes), 

A Cretaceous species from Amuri Blufi, New Zealand^, founded 
on a piece of decorticated stem 8 cm. in diameter preserved partly in 
silica and in part in a calcareous medium. The small pith, not more 
than 1 mm. in diameter, is imperfectly petrified: the tracheids 
of the secondary xylem, which shows well-marked annual rings, 
have biseriate, alternate, hexagonal, pits ; there is no xylem-paren- 
chyma. An interesting feature is the occurrence of tracheids on 
each side of the medullary rays with thicker walls and containing 
discs of resin: these resiniferous tracheids, similar to those de- 
scribed by Thomson® and other authors, afford particularly good 

^ Eliclie (05) p. 350, PI. X. fig. 1, 

2 Lignier (07-) p. 257, PI. xvii. figs. 10—13. « Eichwald (68) PI. v. fig. 12. 

^ The fpecific name is given by Dr Stopes as zeelandii. 

^ Stopes (142) PI. XX. 6 Thomson, R. B. (13). 
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examples of this type of element. The uniseriate medullary rays 
are usually 3 — 4 cells deep and are described as having 5— 6 
bordered pits with oblique pores in the field. In view of Thomson’s 
conclusion with regard to the absence of pits on the- ray cells in 
recent Araucarineae and considering the form of the pits as shown 
in Dr Stopes’ drawing it may be doubted whether the pits actually 
belong to the walls of the ray cells. 

Dr Stopes comments on the scarcity of Araucarian remains 
recorded from New Zealand and adds a brief account of some 
Tertiary wood described by Bttingshausen ^ as Araucaria Haasti, 
a species founded on foliage-shoots which, without any adequate 
reason, it is surmised belong to the petrified wood. The latter is 
poorly preserved: Dr Stopes examined the type-specimen and 
found “that the bordered pits on the tracheids are circular and not 
compressed; she expresses some doubt as to its Araucarian 
affinity, but renames the species Araucarioxylon Ettingshauseni. 
A specimen of wood from Amuri described by Ettingshausen as 
Dammara Oweni^ appears to be undoubtedly Araucarian. 

Dadoxylon sp. (Holden). 

An interesting type of stem-wood has been described by Miss 
Holden® as Araucarioxylon sp. from the Cretaceous lignites of 
Cliffwood, New Jersey, which shows Araucarian characters in com- 
bination with certain anatomical features not usually associated 
with Araucarioxylon, The tracheids for the most part have 
alternate compressed pits; the medullary rays consist of thin- 
walled cells and there is no xylem-parenchyma. Near the inner 
edge of the wood the tracheids are characterised by bordered pits 
in opposite pairs and rims of Sanio occur between adjacent pairs. 
The specimen is sai<J‘ to supply the only missing link in the chain 
of evidence pointing to the derivation of the Araucarineae from 
the Abietineae. Opposite pits are figured by Miss Holden in tra- 
cheids from the cone-axis of Araucaria Bidwillii as stated else- 
where, Sanio’s rims are not unknown in Araucarian wood. I have 
adopted the name Dadoxylon the characters as a whole 

are consistent with that designation though it might be contended 
that a new name is desirable to indicate the occurrence of unusual 

* Ettingshatisen (87) p. 154, Pis. n. figs. 1, 2; vi. figs. 10-^12. 

2 Ibid. p. 16, PI. VI. figs. 1.3—15. * Holden, R. (IS^). 
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featiires. The occurrence of opposite pits and rims of Sanio in the 
younger portion of the xylem is regarded as evidence in support 
of the view that the stem, while in the main Araucarian, exhibits 
features indicative of the origin of the Araucarineae from the 
Abietineae. The presence of opposite pits in wood in which the 
normal arrangement is alternate is not surprising if it is admitted 
that the Coniferous pitting is derived from an earlier scalariform 
type. Even in stems in which the alternate or opposite pitting 
is well established it is not very uncommon to find occasional 
departures from the normal pattern. This Cretaceous stem is 
one of many generalised types, and the arguments based on the 
admixture of characters in favour of the greater antiquity of the 
Abietineae do not present any insuperable difficulty to the opposite 
view namely that the Araucarineae preceded the other families of 
the Coniferales. 


Dadoxylon {Araucarioxylon) breveradiatum (Lignier). 

This species from the Cenomanian of Normandy^ affords one 
of the few examples of the preservation of phloem, cortex, and pith. 
Lignier adopted the generic name Amuca- 
riocauhn: he describes the tracheids as 
having 1 — 3 rows of pits, crowded and alter- 
nate but not flattened. The medullary rays 
are very short, 1 — 3 and rarely 4 cells in 
depth; there are said to be 8 — 15 pits in the 
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field (fig. 713). Resiniferous parenchyma is 
abundant as in the wood referred by Caspary 
to a special genus Araueariopsis^ and in 
Dadoxylon septentrionale Goth. The phloem 
includes well-preserved sieve-tubes and the 
cortex is characterised by numerous sclerites, an Araucarian 
feature. This species appears to be an aberrant type the position 
of which is by no means clear. 


Fig. 713. Dadoxylon (Ar- 
mica7'ioxylo7i)b7’everacU- 
atum. (After Lignier.) 


Among other Cretaceous species are Dadoxylon albiamm^ 
(Pliche) from L’ Aube; Dadoxylon Dantzii PotA from beds pro- 
bably of Upper Cretaceous age in East Africa, without definite rings 

1 Lignier (072) p. 290, PL XIX. 2 See page 179. 

2 Fliohe (97) p 8, figs. 2—4. . » Potonii (02) Pis. r., it. 
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Fig. 714. Dadoxylon {Araucarioxylon) kergueUnse, (British Museum. ) 
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of growth and with a single row of contiguous pits on the tracheid 
walls; Dadoxylon' virginianum (Knowlton)^ from the Potomac 
series; Dadoxylon barremianum (Fliche)^ from the Lower Creta- 
ceous of Prance ; Dadoxylon novehoracense (Holl. and Jeff.)^ from 
the Middle Cretaceous beds of Staten Island; Dadoxylon Zajjardii 
N egri ^ from middle Cretaceous rocks in the Gulf of Tripoli ; Dado- 
xylon tanJcoense (Stopes and Fujii)^ from Upper Cretaceous beds 
in 3 db^ShXiy Dadoxylon mudagascariense (Fliohe)^ from Madagascar. 

Dadoxylon (Amucarioxylon) Icerguelense s^. noY, 

In 1881 Goeppert ^ mentioned some wood received from Kergue- 
len Island from Baron von Schleinitz, probably of Tertiary age, 
under the name Amuearites Schleinitzi et Hooheri, but, as Gothan^ 
points out, it is not clear whether he refers to one or two species, 
and as there are no figures or full description Goeppert’s designation 
cannot stand. 


The sections on which this Kerguelen species is founded are in 
the British Museum^; they show the following characters:— 
Annual rings narrow, often 15 — :20 tracheids broad, the summer 
wood being frequently represented by only two rows of elements. 
There are 1 or 2 rows of bordered pits on the radial walls of the 

1 Knowlton (802) PL yil ^ Cliche (00) p. 18. 

,3 HoUick and Jeffrey (09) B. p, 58, -PL xxi. Negri (14). 

® Stopes and Fujii (10) PL III. figs. 17, 18. 

« Fliche (002) p. 472, fig. 1. 

^ Goeppert (81). » Gotiian (08) p. 13; » Sections V. 8388, V. 8390. 
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traciieids, CGntiguoiis; and often sliglitly flattened 

(fig. 714, B). The medullary r^ys have usually 5— 8 elliptical 
pits in the field (fig. 714, A). 

Dadoxylm {Araiicarioxylon) pseiido'pa^^ Gothan. 

A specievs from Tertiary or possibly Upper Cretaceous rocks 
in Seymour Island (S. lat. 64^^ 16')^ agreeing closely with the wood 
of recent Araucarineae. The annual rings are distinct; there are 
1 — 2 rows of pits on the tracheids 10 — 12/i in diameter; the 
niediillary rays, 2—10 cells deep, are usually uniseriate and there 
are several small oblique pits in the field. Cross-bars^ (Muller’s 
'querbalken’) like those described in Araucaria brasiliensis occur 
in some of the tracheids. 

Dadoxylon Doeringii Conwent^:^ is a Patagonian species of Sub- 
Oligocene age characterised by distinct annual rings; rays up to 
40 cells ill depth, with 1 — 2 pits in the field. Among other Ter- 
tiary species are Dadoxylon aegyptiacum Unger^, recorded from 
several localities in the Libyan desert; Dadoxylon Robertianum 
(Schenk)^ of Tertiary or possibly Cretaceous age from the pro- 
vince of Nagpur, India; Araucarioxylon koreanum (Felix)® from 
Korea, characterised by the occurrence of a single row of con- 
tinuous pits on the tracheids, is referred by Gothan to the genus 
Xenoxylon Mid regarded as identical with X. latiporosum'^ . 

IL CUPRESSINOXYLON. Goeppert. 

The name or, as written by Kraus, Cupresso- 

is usually applied to fossil wood exhibiting the following 
features Annual rings well defined, often nairow ; vertical rows 
of parenchyma, often containing resin and recognisable by their 
dark contents even in transverse section (fig. 715, A), scattered 
through the spring- and summer- wood. Bordered pits on the 
tracheids usually separate and circular and if in more than one row 
opposite; medullary-ray cells generally characterised by the 
presence of . several small pits in the field. Used in this sense 

1 Gothan (08) p. 10, PL x. figs. IS— 16, 

2 Seepage 135. AConwentz (85) p. 16. 

^ Unger (59); Schenk (80) p. 3, Pis; I., n. y 

" Schenk (822). « Pelix (87) p. 518. 

' Gothan (10) p. 23. « Goeppert (50) p. 196. 

MCraus in Schiinper (72) A. p. 374. 
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Gupressinoxylon denotes wood similar to Cedroxylon except in tlie 
greater abundance of xylem-parenchyma and its occurrence in 
the spring" as well as in the summer-wood. The medullary rays 
afiord another distinction which according to some authors is more 
trustworthy than the presence or distribution of the xylem- 
parenchyma. Gothan^, who uses Ciipressinoxylon in a more 
restricted sense, lays stress on the pitting of the medullary cells 
as a distinctive feature : the pitting is confined to the radial walls, 
or in other words there is no Abietineous pitting in Gupressinoxylon 
in the stricter sense. The medullary-ray pits have a broadly 
elliptical pore which is more or less horizontal at least in the 
spring- tracheids^ — the Cupressoid type in contrast to the Podo- 
carpoid type in which in the spring- wood the pore is narrower and 
more vertical, though in some Podocarps the bordered pits are 
replaced by large simple pits : in the summer- wood the difference 
between the Cupressoid and Podocarpoid type disappears. In 
Gupressinoxylon the medullary rays are uniseriate and not very 
deep though the depth is a variable character. Lignier^ states 
that 60—150 rays occur in 1 square millimetre, another feature 
of doubtful value. In some species included in Gupjressinoxylon 
the pitting of the tracheids is partly Araucarian as it also is 
in certain types of Gedroxylon, The presence of Sanio’s rims, 
though not mentioned by many authors, is regarded by Jeffrey 
and some other American botanists as an important character 
to be expected in all Coniferous wood other than that of the 
Araucarineae. It is clear that unusually good preservation is 
essential for the recognition of such features of the medullary-ray 
cells as Gothan includes in his definition of the genus; unless the 
tissues are well preserved the generic separation of Coniferous 
types except within very wide limits is impossible. The name 
Gupressinoxylon may conveniently be restricted to wood having 
the usual type of tracheal pitting though pits of the Araucarian 
type may occur locally, with medullary rays in which the pitting 
is confined to the radial walls and generally with several fairly 
small and apparently more or less definitely bordered pits in the 
field, the pores in the spring- wood being elliptical and more or 
less horizontal. Eesin-canals absent except in wounded regions 
^ Gothan (05) p. 39. ' ^ Lignier (07^) p. 245. 




Fig. 715. Cupressinoxylon sp. Lough Neagh, Ireland; p, sylem-parenchj’ma. 
(British Museum;^ A. V. 8248, B. V. 8253, C. V. 8237.) 


reproduced in %. 715 of sections of a piece of petrified wood from 
Lough Neagh^ in Ireland, probably of Upper Tertiary age, illustrate 

1 See vol. I. p. 80. 
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very clearly the appearance of xylem- or resin-parenchyma as 
seen in transverse, radial and tangential section. The presence 
of dark contents renders these cells conspicuous in transverse 
section (A) and both contents and cross- walls are seen in the longi- 
tudinal sections (B, C). In fig. 715^ B, the opposite and scattered 
bordered pits are shown on the radial walls of the tracheids wdth 
an occasional tendency to an alternate arrangement. Goeppert 
founded his species Pinites PritcliardtP on wood from Lough Neagh, 
the generic name being altered by Kraus to Cupressinoxylon^. 

Kraus ^ enumerates 46 recent species of Conifers wdth wood of 
the Cupressinoxylon type and Beust^ mentions 37 species. As 
used by most authors Cupressimxylon includes members of the 
Cupressineae (in the wide sense as used on page 124), Podocar- 
pineae, Abies Webbiana, and some other recent genera. As 
already stated Gothan has essayed the difficult task of defining the 
genus in such a way as to restrict the wood so named to a smaller 
number of recent Conifers, recognising as distinct genera certain 
species previously included in Cupressinoxylon, e.g., Taxodioxylon 
(= Cupressinoxylon Seguoianum Merck.^), Podocarpoxylon {— 0. 
Hookeri Arb.®), Xenoxylon {—Cupressinoxylon Barberi Sew.’): 
these and other species formerly included in Cupressinoxylon are 
distributed among genera not always well defined but instituted 
with a view to increase the value of fossil species considered in 
relationship to recent types. 

[Paracupressinoxylon, Holden.] 

Miss Holden® has proposed a new generic name, Paracupressi- 
noxylon for wood which agrees with Cupressinoxylon in having 
xylem-parenchyma scattered through the year’s growth but 
differing in the Abietineous pitting of the medullary-ray cells and 
in the absence of Sanio’s rims. In Paracupressinoxylon are in- 
cluded two species, P. cedr aides and P. cupressoides, both Jurassic 
and the latter also Cretaceous in age, which appear to differ too 
much from one another to be referred to one genus. Both species 

^ Goeppert (50) p. 220. 2 j^raus in ScMmper and Schenk (72) A. p. 376. 

3 Kraus (64). ^ Beiist (85). 

» Mercklin (55) PI. xvii. ® Arber (04)j Gothan (08) p. 7. 

^ Seward (04) B. p. 60, PL VII. 

8 Holden, E. (13^) p. 537; (14) p. 173. 
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are regarded by the author of the genus as undoubted repre- 
sentatives of the Araucarineae, a determination that is hardly con- 
sistent with the affinity implied by the generic name. The species 
P, miffessoides, from Yorkshire and the Cretaceous lignites of 
New Jersey, is characterised by the restriction of pits to the radial 
wall of the medullary-ray cells, the absence of Sanio’s rims, the 
presence of scattered xylem-parenchyma, and by the occurrence 
both of scattered and crowded pits on the tracheal walls. More- 
over in this species the phloem shows an alternation of hard and 
soft elements. The affinity suggested by these features would 
seem to be to Qiipressinoxylon. On the other h.a>nd, Paraeupres- 
sinoxylon cedroides^ founded on material from the Yorkshire coast, 
is characterised by the Abietineous pitting of the medullary-ray 
cells, an admixture of scattered and compressed bordered pits on 
the radial walls of the tracheids, scattered xylem-parenchyma, no 
alternation of hard and soft bast, and by the absence of any 
sclerous cells in the pith. This species also illustrates the occur- 
rence of resin-canals in wounded regions of the wood. The refer- 
ence of both these species to the Araucarineae, chiefly because of 
the absence of Sanio’s rims, though consistent with the principle 
that this character is all important, implies the neglect of other 
chaiacters, more especially the nature of the medullary-ray pitting, 
which in the case of recent Conifers are unquestionably of taxo- 
nomic importance. The species P, cedroides should not, in my 
opinion, be included with P. cupressoides in one genus; it is pro- 
bably more closely allied to the Abietineae than to any other 
family. It should, however, be remembered that pitting of the 
horizontal and tangential walls of medullary-ray cells is a feature 
that is not confined to the Abietineae ; it occurs also in some recent 
Junipers and the extinct genera Protocedroxylon md Thylloxylon. 

ChifressmoxylonUasmumLigm 

This Liassic species^ from Orne, France, is founded on the wood 
of a pentarch and hexarch root: the bordered pits on the radial 
walls of the tracheids are usually in one row, occasionally in two 
opposite series ; smaller pits occur on the tangential walls ; medul- 
lary rays 1 — 5 cells deep with a few ovoid-oblong pits, often simple 

1 Lignier (OT^) p. 306, PI, xxi. figs. 58—61 ; Pi. xxiii. fig. 83. 
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and rarely bordered, in the field. Resin-cells are abundant. 
Lignier suggests that if the genus Cupressinoxylon is subdivided 
this species might be referred to Glyptostrohoxylon, though the 
medullary-ray pitting is not consistent with the characters of that 
genus. 

Cupressinoxylon vectense B&vhox. 

Founded on both stem and root wood from the Lower Green- 
sand of the Isle of Wight and described by Barber ^ with a thorough- 



Fio. 716. Cupressinoxylon veeteme. Transverse Section of branch-wood showing 
a compound ring. (After Barber.) 


ness of detail rarely met with, in accounts of petrified wood. Dr 
Stopes^ has recently re- described this species, adding a figure of the 
medullary-ray pitting. Annual rings well marked, often illustrat- 
ing the occurrence of compound rings of growth (fig. 716) which 
are discussed in detail in the original account ; bordered pits in a 

^ Barber (08) Pis. xxni.— xxiv. 

^ vStopcs (15) p. UiO, text-fig, 50; also text-figs. 48, 49, and PL xv. 
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single row, rarely double in the roots, free and circular in brandies^ 
often contiguous and compressed in roots ; tangential pits commoin 
Medullary rays usually uniseriate, 1— 16 cells deep, pits confined 
to'tlie radial walls, usually 1 but sometimes 2-— 4 oval and oblique 
pits in the field. Resin-canals absent; resin-parencliyma in 
vertical rows, abundant and scattered. The pith consists of pitted 
parencliymatous cells separated by intercellular spaces ; in the roots 
the rows of tracheids pass directly into the cells of the pith ; in 
the branches they terminate in small groups of cells irregularly 
arranged. 

Gufressimxylon McGeei ILmwltoii: 

This is one of several species from the Potomac lignites included 
by Knowlton^ in Cupressmoxylon. The annual rings are well 
marked; the tracheids have 2 — 3 rows of opposite and circular pits 
on the radial walls and small bordered pits are abundant on the 
tangential walls. The uniseriate medullary rays, 2—- -49 cells deep, 
have 1—2 oval apparently simple pits in the field and resin- 
parenchyma is abundant. Gothan^ has described some wood of 
Lower Cretaceous age^ from King Charles Land as Oufressinoxylon^ 
cf. C. McGee% d.gmemgMit)i Knowltoii’s type in the medullary-ray 
pitting; there are 2 — 4 simple pits in the field, elliptical and hori- 
zontal; an indication of a border was seen in some of the pits in 
the region of the summer- wood, but the general absence of a border, 
if an original feature, is a difference between this wood and that 
of recent genera included in Gufressinoxylon, There is no Abie- 
tineous pitting on the ray cells. 

The species Gupressinoxylon Hceoynbense described by Dr 
Slopes^ from the Lower Greensand of the Isle of Wight closely 
resembles 0 . vedense, but it has stone-cells in the pith, the tracheids 
are larger and there are usually 3—4 pits in the field in place of 1 
or sometimes 2—3 in C. vedense; moreover. in the latter species 
the pits of the ray cells are more uniform in si^e. 

1 Knowlton (89^) p. 46, PL ii. %. 5 j PI. in. figs. 1—5. 

2 Gothan (073) p. 19 , fig. lo. 

® Gotlian speaks of the King Charles Land fossils as Jurassic, hut the beds have 
since been shown to belong to the Cretaceous system. See Burckhardt (11). 

^ Slopes (15) p. 180, text-figs. 51—53. 


XLIV] 


CUPEESSINOXYLON 


193 


Cufressinoxylon cryptomerioides 

A species^ founded on a small branch from the Lower CTreen- 
sand of Kent showing the following features: — the primary 
xylem, composed of spiral and scalariform elements, also tracheids 



Fig. 717. Cupressinoxylon Hortii. Radial section showing the pits of the medullary 
rays, my) ; the pits on the tracheids, and the wood-parenchyma, rp. (After Stopes.) 

with small circular pits; forms projecting wedges in the perimeduh 
lary region ; there are no resin-canals and resiniferous parenchyma 
is abundant ; the medullary rays, generally 2 — 3 cells in depth, 
have two circular pits in the field; a feature regarded by Kraus as 
indicative of affinity to The cortex contains large 

1 Stopes (15) p. 186, Pis. xvi., xvn., text-figs. 54, 55. 

2 See page 198. 
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rcsin-cftnals. X)r Stopcs cLrO/WS B-tt6iitioii to CBitBin fcsituros, 
particularly the pitting of the medullary-ray cells and the structure 
of the cortex, in which this species resembles the genus Gnjfto- 
meria. • 

Oup'essinoxylon Hortii Stopes. 

This Lower Greensand species^ from Bedfordshire is distin- 
guished from other types by the very numerous medullary rays, 
often separated from one another by a single row of tracheids, 
which are both uniseriate and multiseriate, the same ray exhibiting 
both forms at different heights. The rays attain a depth of 80 
ceils and there is generally one large oval or circular pit in the field 
(fig. 717) though two are occasionally present. This species is 
hardly a typical Cuf ressinoxylon and Dr Stopes points out that 
the large single pit in the field is suggestive of Podoearpoxylon : it 
affords another illustration of the impossibility of identifying the 
majority of fossil woods within narrow limits. 

Cupressinoxylon Holdeme sp. nov. 

A species of Eocene age from the London Clay of Faversham 
in the Cambridge Botany School collection characterised by well- 
defined annual rings and the presence in some but not all the bands 
of summer- wood of resin-canals (fig. 718, C) which vary in size, 
some of the larger being formed by the confluence of smaller 
adjacent canals. The presence of rather thick- walled, pitted, cells 
lining the canals or in close association with them is a characteristic 
feature. Tyloses occur in some of the canals. The large number 
of canals in each row suggests their development in response to 
traumatic stimuli. The bordered pits occur in single, separate, 
rows or in double and opposite rows with rims of Sanio occasionally 
preserved. In a few places the pits of a single row are in contact 
and slightly flattened. Resin-parenchyma occurs in vertical rows in 
both spring- and summer- wood. Medullary rays uniseriate, reach- 
ing occasionally 30 cells in depth; the tangential and horizontal 
walls are unpitted and on the radial walls the pits are preserved 
only in a few places ; there appear to be 2—4 fairly large simple 
pits in the field. The crowded series of canals (fig. 718, C) are 
identical with the traumatic ducts described inSequoia senipervirens^ 

^ Stopes (15) p. 194, PI. xvin. text-figs. 56—58, 2 Jeffrey (03). 
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a>iid Abies (cf. fig. 690, B, p. 130). The absence of Abietineous 
pitting in the ray cells, the distribution of the canals, and the 
presence of scattered rows of xylem-parenchyma are features 
indicating affinity to Sequoia sem'pemfens. The preservation is 
not sufficiently good to warrant any definite statement with regard 
to the pits on the radial walls of the ray cells: the absence of a 
border is in contrast to the pits in Sequoia, but the apparent lack 
of a border may be due to imperfect preservation or to decay. 
Miss Holden, who carefully examined the sections, called my atten- 
tion to the occasional occurrence of obscure and narrow cells of 
unequal breadth on the edge of some medullary rays bearing a 
resemblance to the ghost-like ray-tracheids described by Thomp- 
son ^ 

Cufressinoxylon Koettlitzi s-p. nov. 

Silicified wood is by no means uncommon in the Franz Josef 
Archipelago and several specimens have been found in talus-heaps 
and in basaltic lavas. The age may be Upper Jurassic, Cretaceous, 
or possibly Tertiary. A radial longitudinal section of a piece of 
wood is figured, though not named, by Hewton and TealP and 
without a full description. The following account is based on 
sections cut from the same block in the possession of the Geological 
Survey, which was collected at Northbrook Island by members of 
the Jackson-Harmsworth Expedition. The species is named after 
Dr Koettlitz, the geologist of the Expedition^. Annual rings 
narrow and distinct: there are no resin-canals and no clearly 
preserved xylem-parenchyma, though in a few places there are 
indications of what appear to be elongated cells containing a dark 
substance. It is noteworthy that in some recent Cupressineae resin- 
parenchyma is not invariably present. The bordered pits on the 
radial walls of the tracheids are variable in their arrangement; 
they occur in single rows (fig. 718, E), contiguous and sometimes 
slightly flattened or more or less widely scattered, also in double 
rows with an opposite or occasionally an alternate disposition. 
There are a few pits on the tangential walls of the tracheids and rims 
of Sanio are seen in places on the radial faces. The medullary 
rays are 1—25 cells deep, uniseriate and very rarely two-cells 

1 Thompson (12). 

2 Newton and Teail (97) p. 508, PI. XLi. fig. 11. ® Koettlitz (98), 

13—2 
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broad; 2—4 small circular or oval (simple?) pits in the field, but 
none on the tangential or horizontal walls. 


Eig. 718. A, ld, Cufrmimxylonpolyommatum. B, Phloem showing sieve-plates 
(Franz Josef Land). C, Cupresdnoxylm Boldeme, E, Oupresdnoxylon Koe.tt- 
litzi. (A, I), Bublin Museum; B, E, Geological Survey Museum, Jermyn 
Street; G, Cambridge Botany School.) 

CiifreMmoxylonfolyommatum^^G^ 

The petrified wood on which this species ^ was founded was 
obtained from Banksland, from Miocene rocks, N. lat. 74° 40', 

1 Cramer (68) p. 172, Pis. xxxrv., xxxv., xxxvii. 
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long, 122° W., during the voyage of H.M.S. Investigator in 1851. 
Through the kindness of Prof. Johnson I was able to have sections 
cut from Dr Cramer’s specimen in the Dublin Museum. 

Annual rings clearly marked; summer- wood narrow. The 
most striking feature is the irregular distribution and unusually 
large number of small bordered pits on the radial walls of the 
tracheids. The pits vary in size and have an average diameter 
of 13*77 ju.; they are usually separate but occasionally those of a 
single row are in contact. There are frequently as many as 3 — 4 
rows (fig. 718, A) and occasionally 5 opposite and separate pits, 
a feature suggesting comparison with Pinus Merkusii'^, but in that 
species the pits of the three opposite rows are in contact. Rims 
of Sanio are occasionally present. Rows -of narrow parenchyma 
occur in difierent regions of the wood. Medullary rays uniseriate, 
1 — 16 cells deep, with 2 — 4 simple large oval pits in the field 
(fig. 718, D) ; there are no pits on the other walls of the ray cells. 
The pitting in the field is very similar to that in Taxodnm and 
Cupressinoxylon {Taxodioxylon) Taxodii (fig. 720, A, B). 

Cupressinoxylon taxodioides Conwentz. 

Under this name Conwentz^ describes some wood, probably of 
Pliocene age, from California which he compares with Sequoia 
sempervirens. He speaks of one stem 22 metres long and with a 
maximum diameter of 3 — 4 m. ; the bordered pits are in 1~2 rows 
on the radial walls and small pits occur on the tangential walls ; 
the medullary rays are usually two-cells broad and have 3 — 4 
generally elliptical pits in the field apparently simple and arranged 
in a horizontal row. The rays are usually 15 — 20 cells deep but 
may reach a depth of 56 ceils. Resin-parenchyma occurs in 
vertical rows but it is not stated whether it is confined to any 
definite region of the wood. 

Schmalhausen’s specim Cupressinoxylon (Olyptosirobiis^ neosi- 
biricum^, characterised by medullary rays 13—20 or even 40 — 48 
cells deep, and 1 — 2 circular or oval pits in th A field, though com- 
pared by him with cannot safely be regarded as more 

nearly allied to that genus than to some other members of the 
■Uupressineae..: : 

^ Groom and Rushtoa (13) p. 484. ^ Conwentz (78) Pis. xtii., xiv. 

3 Schmalliausen (90) PI. n. pp. 44— 49 ; Gothan (05) p. 50. 
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Many of tlie species included by authors are not described in 
sufficient detail to satisfy modern requirements with regard to the 
structure of the medullary rays and other characters. From the 
point of view of geographical distribution reference may be made 
to Gu'pressimxylon antarctimm described by Beust^ from Kerguelen 
Land. 

\Glyftostfohox%jlon Conwentz.] 

This generic name was first employed by Conwentz^ for wood 
from sub-Oligocene beds in Argentina which he described as 
Glyftostroboxylon Goepperti: no figures accompany the description 
and it is hardly possible to determine with accuracy the precise 
affinity of the specimen. The annual rings are said to be distinct, 
the pits on the tracheids uniseriate and contiguous ; resin-paren- 
chyma occurs, and the medullary-ray cells have large circular pits 
on the radial walls. It is suggested by Gothan^ that this species 
should be transferred to Podocarpoxylon, though in the medullary- 
ray pitting it differs from typical representatives of the Podocar- 
pineae. Kraus^ described the pits in the radial 
walls of the ray cells of Glyptostrobus as large 
and circular and in a Tertiary specimen from 
Niederwollstadt, named Glyptostrobus tener Kr., 
he 'figures the pits in the field as simple (fig. 

719); these are said to be 1—8 in number and 
they are arranged in horizontal series, a feature 
characteristic of 

Sections of wood oi Glyptostrobus heiero- 
phyllus which I have examined show 2— 8 pits 
in the field but there is a distinct border and the 
pore is narrow and oblique or in the spring-wood 
the pore may be broader and almost horizontal. 

Xylem-parenchyma is scattered through the wood and the thick 
transverse walls are pitted. Gothan believes that the medullary-ray 
pitting oi Glyptostrobus is distinguishable from the Gupressoid type 
by the increase in the breadth of the pore as the ray cells are 
followed from the summer- to the spring-wood and by the fact 

^ Beust (85) PL iv. ^ Conwentz (85) p 13. 

3 Gothan (08) p. 9. « Hraus (64) p. 195, PL v. fig. 12. 
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that the pits in the region of the spring- wood naay be simple. 
The same author^ points out that this type of medullary-ray 
pitting occurs in Ctmninghamia, The impression produced by 
an examination of the recent Glyptostrobus is that this so-called 
Glyptostroboid pitting is not a sufiiciently well-defined type to 
serve as a trustworthy diagnostic character. The medullary-ray 
pitting in the region of the summer- wood is similar to that in some 
species of Podocarpoxylon Mesembrioxylon), while in the spring- 
wood the pits in the field are rather of the type associated with 
Oupressinoxylon and the scattered xylem-parenchyma is another 
characteristic of the latter genus. There would seem to be no 
adequate grounds for regarding the two fossil species referred to 
Olyptostroboxylon as more nearly related to Glyptostrobus than to 
certain other recent genera. The retention of the name Glypto- 
stroboxylon is inadvisable in that it implies an affinity which is not 
supported by satisfactory evidence. 


OUPRESSINOXYLON, sub-genus TAXODIOXYLON Felix. 

The generic name Taxodioxylon was applied to a Tertiary 
species from Hungary, originally referred by Felix^ to Rhizotaxo- 
dioxylon, on the ground of a resemblance in structure to the wood 
of the recent genus Taxodium, Schenk^, who examined the type- 
specimen, confirmed this comparison. Taxodioxylon has been 
adopted for fossils agreeing with the wood of Taxodium and 
Sequoia sempervirens : Sequoia gigantea, on the other hand, agrees 
more closely with typical species of Cupressinoxylon. Taxodio- 
xylon, while similar in most respects to Cupressinoxylon, is said to 
differ in the medullary-ray pitting, the pits in the field being 
almost simple and elliptical with their long axis horizontal in con- 
trast to the more definitely bordered pits of the Cupressoid type. 
This distinction is, however, not entirely satisfactory : in the wood 
of Taxodium the pits in the field are rather large and, though often 
simple, they occasionally present the appearance of pits with a 
well-developed border and the pore may be almost vertical or 
horizontal. In the recent species, as in some fossil examples^ 
the tendency of the pits to arrange themselves in one or two 

^ Gothaix (05) p. 49. 

3 Schimper and Schenk (90) A. p. 872. 


2 Felix (84) p, 38. 
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horizontal rows is a characteristic feature. The characters of 
Tmodioxylon may be siuumarised as follows Annual rings 
distinct ; bordered pits on the radial walls of the tracheids in 1 — 4* 
rows, circular and separate and, if in two or three rows, opposite ; 
riiiis of Sanio present. Medullary-ray cells j)itted only on the 
radial walls ; pits in the held, 2—8 in number, often arranged in 
horizontal rows (fig. 720, A), sometimes fairly large, simple, or 
bordered and horizontally elliptical. The thick walls of the xylem- 
parenchyma (fig. 720, B) are characteristic of TaxocUum and 
Taxodioxylon Si^xiA. this character has been quoted as a trustworthy 



distinction between Taxodium d^nA. Sequoia sempervirens though, 
as already pointed out, this is not a safe test^. In Glyptostmbus 
heterophyllus the transverse walls of the xylem-parenchyma are 
also thick and pitted and this tissue in some species of Oupressus 
exhibits precisely similar features. It is in certain inconstant 
features that Taxodioxylon AiEqtb horn Gupressinoxylon, In 
several instances the occurrence of wood Tehxmd to Ta^odioxylon 
in beds containing impressions of foliage-shoots like those of 
Taxodium and Sequoia strengthens the conclusions 

based on anatomical characters. 

^ See page 149. 
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Cupressinoxylon (Taxodioxylon) Taxodii Go than. 

In his description of the Tertiary beds at Senftenberg Potonie^ 
identified some of the wood as Taxodium and compared the de- 
posits with those of a Taxodiimi-sw&m^. Gothan^ has given a 
fuller description of the wood, which is characterised by xylem- 
parenchyma with thick transverse walls (fig. 720, B) and fairly 
large elliptical pits in the field ; in the region of the spring-wood 
the medullary-ray pits have a horizontal pore and in the late wood 
the pore is said to be vertical. The bordered pits on the vertical 
wails of the xylem-parenchyma have a vertical pore in the summer- 
wood but it is horizontal in the spring-wood. 

Cupressinoxylon [Taxodioxylon) Sequoiamim Mercklin. 

Gothan^ recognised this species, originally described by Mercklin^ 
from an unknown locality, in Tertiary beds in Germany associated 
with foliage-shoots agreeing with Sequoia sempervirens. The walls 
of the xylem-parenchyma are thinner than in C. Taxodii] there 
are 2 — 7 apparently simple pits in the field (fig. 720, C) in one or 
two horizontal rows. There may be three rows of opposite pits on 
the radial walls of the tracheids. It may be that C. Sequoianum is 
the wood of a Sequoia. A closely allied species is represented by 
Cupressinoxylon uniradiatum Goepp.^ from Briihl afterwards 
recorded by Conwentz® as Rhizocupressinoxylon from Tertiary beds 
in Silesia. Schmalhausen'^ has described some interesting speci- 
mens of wood from Tertiary beds in Russia as Cupressinoxylon 
Sequoianum characterised by the possession of elliptical simple 
pits in the ray cells (from 2 to 6 in the field) of the transversely 
elongated form characteristic of Taxodioxylon. Xylem-paren- 
chyma is fairly abundant and the tracheids are peculiar in 
having three or rarely four bordered pits on the walls as in some 
recent Pines, 

Another example of wood of the Taxodioxylon type is afforded 
by T. palustre described by Felix® from Tertiary rocks in Hungary 
and recorded also from sub- Oiigocene beds in Silesia. Gothan^ 

^ Potonif' (9B) ; see also Eberdt (94). ^ Gotban (06) p. 164. 

3 Ibid. p. 165; (09) p. 518. ^ Mercklin (55) p. 65, PI. xvii. 

s Goeppert (50) p. 203, PI. xxvii. ® Conwentz (80) A. p. 25, Pis. iv., v. 

7 Schmalhaiisen (83) PI. xn. ^ Pelix (82) p. 278; (84) p. 38 

» Gothan (10) pp. 40, 43, PI. vii. 
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assigns to Taxodioxylon two specimens from Tertiary strata in 
Spitsbergen and it is probable that the wood may belong to plants 
which bore the twigs described by authors as Taxodium distiehiim 
and Sequoia Langsdorfii. 

The name Taxodioxylon is retained as a section of Gupressino-' 
xylon and not as a separate genus on the ground that the characters 
on which it is based do not appear to be sufficiently distinctive or 
constant to warrant its recognition as a well-defined generic type. 

III. TAXOXYLON. Unger. 

Unger ^ gave this name to fossil wood characterised by the 
presence of spiral bands in the secondary tracheids, a feature 
especially associated with the recent genera Taxus, Torreya, and 
Gephalotaxus, but by no means unknown in other Conifers^. The 
name, in the form Taxoxylum, was substituted for Taxites em- 
ployed by Goeppert^ for some species of Tertiary wood. Apart 
from the presence of spiral bands Taxoxylon agrees with Ciipres- 
sinoxylon, though according to Lignier the medullary rays are 
deeper in the latter genus. 

Taxoxylon scalariforme (Goeppert). 

This Tertiary species, originally described by Goeppert from 
Hungary as Taxites scalariformis, was renamed by Unger Taxoxylum 
Goepperti, According to Schenk^ it is the only species among 
those recorded by Goeppert which should be retained in Taxoxylon, 
the spiral pattern of the tracheids being due to the presence of true 
bands and not, as in the other species, the result of enzyme action 
on the wood which produces a spiral striation closely simulating 
spiral bands. The bordered pits on the tracheids are circular and 
separate; the nredullary rays are uniseriate and from 1 to 10 cells 
in depth ; there are no resin-canals. 

Goeppert’s species Taxites Aychii (after Herr Aycke) of Ter- 
tiary age was retained by Kraus® as an example of that genus but 
afterwards transferred to Gupressinoxylon on the ground of the 
absence of true spiral bands in the; tracheids. Lingelsheim® also 

" Unger (47) p. 33. t gee page 134. 

3 Goeppert (40). > gchimper and Schenk (90) A, p. 859. 

® Goeppert (40) p. 188 ; (50) p. 244 ; Kraus (64) p. 197. 

® Lingelsheim (08) p. 27. 
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states that there are no true spiral bands in Geoppert’s supposed 
Taxoxylon. The Permian species Taxoxylon ginkgoides a,nd 
Grand’Eury’s Upper Carboniferous species T, stephanense^ are 
probably founded on wood of the Araucarian type in which the 
tracheids show spiral striation. 

An Aptian species Taxoxylon anglicum Stopes^ is referred to 
that genus because of the occurrence of a spiral marking on the 
tracheids which the author of the species believes to indicate the 
presence of true spiral bands in the wood of recent Taxaceae, and 
because of the groups of 3 — 4 bordered pits in the fields of the 
medullary rays. 

There are no resin-canals in the wood ; the tracheids have a single 
row of circular pits on the radial walls and occasional rims of Sanio 
are preserved. There are 1—6 pits in the field and the presence of 
a border is regarded by Dr Stopes as an argument in favour of the 
tracheal nature of some of the medullary-ray elements, though the 
appearance of the cells does not afford any substantial ground for 
interpreting them as other than parenchymatous elements. 

An examination of the type-specimens convinced me that the 
spiral markings on the tracheids are not true bands like those of 
recent Taxineous wood and the pitting of the medullary-ray cells 
is in itself by no means a trustworthy criterion. There are, I 
venture to think, no good reasons for referring this wood to the 
genus Taxoxylon. 

IV. MESEMBRIOXYLON. Gen. nov. 

This generic name^ is proposed for fossil wood exhibiting 
certain features associated with several recent genera which have 
a southern distribution. It is intended to replace Gothan’s two 
genera Podocarfoxylon and Phylhcladoxylon^ types differing from 
one another in features which, as Dr Stopes^ points out, are too 
inconstant to justify the retention of both designations. Moreover 
the use of Gothan’s names implies affinities to recent genera which 
there are no adequate reasons for assuming. In this instance, as 
in many others, the anatomical characters do not enable us to 

^ Renault (85) p. 163. 

- Grand’Eury (90) A. p. 317 ; Gothan (05) p. 68. 

^ Stopes (15) p. 204, PI. XIX. text-fig. 59. 
fX€(;7}/jL^piv6s, southern. ® Stopes (15) p. 210. 
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assign fossil species to a position witMn the Goniferales suificiently 
definite to be denoted by the use of a name implying close rela- 
tionship to a particular genus as distinct from a group of allied 
types. 

Podocarpoxylon. This nanie^ has been applied to wood agreeing 
in structure with recent species of Podocarpus and Dacrydium 
more closely than with other Conifers. As generally understood 
the genus stands for wood without resin-canals, possessing xylem- 
parenchyma not necessarily confined to a particular region of 
the year’s growth. In Podocarpoxylon aparencJiymatosum Goth, 
xylem-parenchyina is absent. The bordered pits on the tracheids 
are in 1 — 2 lows and, if in two series, the pits are opposite or sub- 
opposite {Podocarpoxylon Schwendae Kub.) ; rims of Sanio are 
present. There is no Abietineous pitting in the ray cells; the 
pits in the field are typically Podocarpoid, that is there aie few in 
the field and these appear to be bordered and characterised by 
an elliptical or linear pore which is oblique or more or less vertical. 
The medullary-ray pitting next the summer- wood does, not afford 
a satisfactory means of separating Podocarpoxylon and Cupressino- 
xylon, but in the region of the spring-elements the Podocarpoid 
type is a distinguishing feature of Podocarpoxylon, though as 
stated in the account of recent Conifers the position of the pore 
is by no means a constant character. On the other hand, the pits 
in the field may be large and simple as in Sciadopitys, some species 
of Podocarpus, in PhyUocladoxylon, Xenoxylon and some other 
genera. 

Phyllocladoxylon. This name was given by Gothan^ to wood 
similar to Podocarpoxylon but difiering chiefly in the occurrence of 
large, simple pits in the field ['Eiporen’], a feature shared with 
Sciadofitys md mmoi species of Podocarpus, hj Microcachrys, 
Dacrydium, Suiii Pkerosphaera. The tracheids have 1~2 rows of 
bordered pits on the radial walls, scattered and circular, but not 
infrequently contiguous and flattened, and if in two rows they may 
be alternate. There axe no clear indications of Sanio’ s rims in 
the specimens figured by Gothan and Schenk. There are no resin- 
canals and no xylem-parenchyma. Phyllocladoxylon agrees closely 
with Xenoxylon^, but in Phyllocladoxylon the tracheal pits are often 

^ Gothan (05) p, 48 2 p; 55 . p_ 37 ^ 3 gee page 238. 
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separate and are smaller than in Xenoxylon, The pits on the 
medullary-ray cells are also smaller, though it is doubtful if this 
is a constant character. Miss Holden^ has instituted a new generic 
name, Paraphyllocladoxylon, for two specimens of wood from 
Jurassic rocks on the Yorkshire coast which do not appear to 
differ from Mesembrioxylon in any respect calling for generic 
recognition. In Para'phyllodadoxylon ebomcense, from the Oolite 
of Scarborough, the tracheids have usually scattered and circular 
pits on the radial walls and pits are also abundant on the tangential 
walls: in Pamfhyllodadoxylon amucarioides the pits on the radial 
walls are always closely compressed and flattened. There is no 
Abietineous pitting and there may be one or occasionally two 
large simple pores in the field like those in Xenoxylon and Mesem- 
brioxylon (= Phyllocladoxylon of Gothan) but smaller than those 
of Xenoxylon. Xylem-parenchyma is absent, but some tracheids 
have apparent cross-walls that are believed to be resin-plates. 
Miss Holden recognises the close resemblance of her species to 
Gothan’s Phyllocladoxylon^ but a new name is employed on the 
ground that the absence of Sanio’s rims shows that the wood of 
the Yorkshire plants is Araucarian. The absence of Sanio’s rims 
cannot be confidently regarded as an original feature and, assuming 
this negative character to be a real one, it does not differentiate 
the specimens from those described by Gothan; Gothan’s figures 
afford no evidence of the presence of Sanio’s rims in his species of 
Phyllocladoxylon. If the Yorkshire stems are Araucarian so too are 
those from King Charles Land and Seymour Island^, In one of 
Miss Holden’s species the tracheal pitting is not of the Araucarian 
type, while in the other it is Araucarian ; the pitting of the medullary 
rays is opposed to an affinity to any recent Araucarian Conifer. 
Both of the Yorkshire species are therefore transferred to Mesem- 
brioxylon: their anatomical characters indicate that they are 
generalised types which cannot legitimately be included in any 
family based solely on existing Conifers. While recognising that it 
is not always easy to draw a definite distinction Xenoxylon 

and Mesembrioxylon the two names may be conveniently retained, 
the former being used in a much more restricted sense than the 
latter. in which the general 

1 Holdeii, R. (132) p. 536, PI. XXXIX. figs. 7— 10. ^ Gothan (08). 
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featiiros arc siiiiiMr to those associated with Cu'pT&ssi7^oxylo7l, ^^x\l 
the sylem-parenchyma may not be always present and the medul- 
lary-ray cells have one or two large simple pits, or two or more 
smaller bordered pits, in the field, the pore being rather vertical 
than horizontal. Meseynbnoxylon undoubtedly includes species 
which if additional data were available would be assigned to 
distinct genera. Apart from the probability that anatomical 
characters were even less restricted in their range through different 
types in former periods than they are in existing genera, the 
impossibility of discriminating between certain closely allied 
recent Conifers points to the advisability of employing designations 
for fossil woods in a wide sense and thus avoiding the danger of 
misleading students in search of material on which to base con- 
clusions with regard to the relative antiquity of existing genera. 

Mesembrioxylon sp. (=? Podocarpoxylon sp. Gothan). 

This wood from Bathonian rocks in Eussian Poland^ affords 
an example of the difficulty of distinguishing clearly between 
Podocarpoxylon and Glyptostroboxylon : the bordered pits on the 
radial walls of the tracheids are separate or contiguous and 
slightly flattened; xylem-parenchyma occasionally occurs; there 
are usually two fairly large circular simple pits in the field (fig. 722, 
C), The systematic position of this wood cannot be regarded as 
well established. 

Miss Holden^ has recently described two specimens from the 
Jurassic beds on the Yorkshire coast as Podocarpoxylon sp. but 
the evidence in support of affinity to the Podocarpineae is not by 
any means conclusive. In one specimen there is no xylem- 
parenchyma and in the other parenchyma occurs at the end of the 
year’s growth. The pits on the medullary rays are described as 
piciform, 1—2 in the field. The anatomical features described 
hardly afford adequate reasons for assigning the wood to Poio- 
carpoxylon mthei thsiu. to Oupressinoxylon. 

'I Mesembrioxyhn sp. (Thomas), 

A specimen of imperfectly preserved wood from Jurassic rocks 
in the Izium district, in S described by Thomas^ as 

^ Gothan (062) p; 456, fig. 5 . 2 Holden, R. (13 2 ) p. 542, PI. xl. figs. 31, 32. 

3 Thomas, H. H. (11) p. 80, PL y. figs. 5--7. 
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Phyllocladoxylon sp. may perhaps be included in Mesembrioxylon 
though the preservation is hardly sufficiently good to admit of 
accurate determination. The bordered pits on the tracheids are 
circular and separate, about 15 p, in diameter; the medullary rays 
have one or rarely two large simple pits in the field. 

Mesembrioxylon woburnense (Slopes). 

An Aptian (Lower Greensand) species from Bedfordshire 
founded on two blocks of secondary wood and referred to Podo- 
carpoxylon^. The tracheids have 1 — 2 rows of bordered pits, the 
pits in two series being opposite ; Sanio’s rims are present. Eesin- 
parenchyma is abundant all through the wood; the medullary 
rays are for the most part 3 cells deep but vary from 1 to 25 ; there 
is one large circular or oval pit, or sometimes two, in the field, 
and a narrow border is occasionally preserved. This species is 
near to M, Schivendae but there are fewer pits in the field in the 
English type. 

Mesembrioxylon bedfordense (Slopes). 

This Aptian species^ is especially characterised by the arrange- 
ment of the bordered pits on the radial walls of the tracheids ; the 
pits are uniseriate and occur in chains of 3 — 10, the border being 
flattened above and below by contact (fig. 721, i5): the narrower 
parts of the xylem- elements are often without pits. Xylem- 
parenchyma is scattered through the wood and the medullary-ray 
cells have an oval or nearly circular large pit, sometimes with a 
border (fig. 721, m, p), in the field. The contiguous pits constitute 
an Araucarian feature though similar pits occur in Cedroxylon and 
in some other genera, 

Mesembrioxylon Gothani (Slopes). 

Dr Slopes regards this species^ from the Aptian of the Isle of 
Wight, as highly suggestive of the genus Phyllocladus. The 
medullary rays are generally 2—4: cells deep and there are 1 — 2 
large oval simple pits in the field. Xylem-parenchyma is sparsely 
scattered through the wood, and stone-cells occur in the pith. 

1 Stopes (15) p. 211, PI. XX. text-figs. 60—63. 

2 223, PL XXI. text-fig. 64. ^ ^ ^ ^ 

3 p. 228, text-figs. 65, 66. 
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Fiu . 721 . Mesembrioxylon bedfordeme. Radial section showing groups of adjacent 
pits on the traeheids, the medullary-ray pits, m, and a few with a border, p; 
n, narrow part of a tracheid. (After Stopes.) 
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Meseynhrioxijlon Scliwendae 

This species is recorded from Attersee in Upper Austria and 
though probably of Tertiary age it may be derived from Cretaceous 
strata^. Xylem-parenchyma is present; the bordered pits on the 
radial walls of the tracheids are in 1 — 2 rows, usually separate but 
if contiguous not flattened ; if in 2 rows opposite or sub-opposite ; 
the medullary rays reach a depth of 13 cells; there are generally 
1—3 pits (fig. 722, A, B) but occasionally as many as 5 in the field ; 



Fig. 722. A, B, Mesembrioxylon Schumidae, G, M esemhrioxylon sp. {A, B, after 
Kubart; C, after Gothan.) 

they are bordered and the pore is obliquely vertical, though this 
feature is inconstant and in some places the pore is circular or the 
bordered pit may be replaced by a large simple pit. Sclerous cells 
occur in the pith. 

Mesemhrioxylon afarenchymatostm 

In this Tertiary species, included by Gothan in Podocarpoxylon, 
from Seymour Island^ there is no xylem-parenchyma; the medul- 
lary-ray cells have 1—2 elliptical-circular pits in the field and the 
maj or axis is oblique. The evidence as to affinity is far from con- 
clusive. 

> Kiibart (112) PL 
2 Gothan (08) p. 8, PI. I. figs. 9— 11* 
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MeMmbrioxy^^^^^ (Gotlian). 

Gothaii^ described some wood as Phyllocladoxylon sp. wMcb 
he originally stated to have been derived from King Charles Land, 
but Kathorst pointed out that it came from Scoresby Sound in 
East Greenland, N. lat. 70° 50'. The pits on the tracheids are in 
1—2 rows, about 16/x high, and smaller than in Xenoxylon; they 
are scattered or contiguous and flattened, but more often separate ; 
the medullary rays are composed of a small number of cells and 
there are 1 — 2 simple pores in the field. 

Mesembrioxylon antarcticum {Got}iSi.n), 

In this Tertiary species from Seymour Island, included by 
Gothan in Phyllocladoxylon^tiie bordered tracheal pits are generally 
uniseriate and separate; the pitting of the medullary-ray cells is 
like that in Alesembrioxylon sp. (fig. 722, C). In the account of 
this wood Gothan points out that the similar pits on the walls of 
the medullary rays of Sciadopitys are smaller than in the fossil 
type ; in contrast to the tendency towards a vertical elongation 
of the ray pits in some recent Podocarpineae those of Mesembrio- 
xylon are usually more horizontally stretched- as in PJiyllodadtis 
and some species of Pinus. Gothan compares Cupressinoxylon 
Hookeri Arb.^ with Mesembnoxylon antareticum>^ but the former is 
distinguished by the smaller pits on the ray cells and by the 
occurrence of xylem-parenchyma. It is noteworthy that, as 
Gothan states ^ the only recent South American Conifer possessing 
large simple pits in the medullary-ray cells is Podocarjnis andina, 
while on the other hand there are several Australian genera 
agreeing closely with the Seymour Island species in the character 
of the medullary-ray pitting: from this it is concluded that in 
Tertiary times there was a closer connexion between the South 
American and Australian regions than at the present day, an 
inference which, though not improbably correct, rests on slender 
evidence in this particular case. 

Mesenibnoxylon Mulleri {Scbe 

This species from Pliocene strata in New South Wales, was 
described by Schenk^ as Phyllocladus : the pits on the tracheids 
^ G-otlian (07^) p. 9, %. 2; (08) p. 6 

Ibid. {OS) p. 4, PI I. figs. 4— 8. » Arber (04). PGothan (08) p. 25. 

Schenk in Schimper and Schenk (90) A. p. 873, figs. 424, 425. 
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Ere represented by Schenk as widely separated and the single pits 
in the field are narrower and more oblique than in other examples 
of the genus. The impression made by these species, formerly 
referred to Phyllodadoxtjlon and distinguished from one another 
by no very well-defined characters, is that they agree with certain 
recent Podocarpineae and with Sciadoj)itys more closely than with 
any other recent Conifers; but in the absence of any definite 
evidence with regard to foliage or reproductive organs it is im- 
possible to select any one existing genus as the modern representa- 
tive of the Arctic and South American fossil species. If the 
absence of Sanio’s rims is accepted as a criterion of affinity, some 
species of Mesembrioxylon would be included in the list of types 
allied to the Araucarineae, but even assuming that the preservation 
of the wood is such as to admit of their recognition, were they 
present, their absence does not nullify the evidence afforded by the 
tracheal and medullary-ray pitting. 

? Mesembrioxylon Hoolceri (Arber) (= Cnqyressinoxylon Hookeri 
Arber). 

A species^ founded on a splendid specimen of silicified wood 
nearly 9 ft. long and with a diameter of 3 ft. from Tasmania 
exhibited, in the Geological Department of the British Museum. 
The stem was discovered early in the nineteenth century in Ter- 
tiary basaltic lava on the Macquarie plains. Dr Arber quotes 
Sir Joseph Hooker who gives an interesting account of the method 
of preservation of the decorticated wood. The annual, rings are 
well marked and narrow; the tracheids have usually a single row 
of circular and scattered bordered pits on their radial walls and 
smaller pits are abundant on the tangential walls. Sanio’s rims 
are clearly shown on some of the tracheids. The medullary rays 
are generally uniseriate and in exceptional cases reach a depth of 
over 20 cells. Arber speaks of the occurrence of a small simple 
pit on the radial wall of the ray cells ; an examination of the sec- 
tions in the British Museum showed that for the most part the 
pitting on the ray cells is not preserved but in some places a single, 
fairly large, simple pit occurs in the field. Resin-parenchyma is 
present in both spring- and summer-wood. 

^ Arber (04). 


14—2 
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It lias been suggested by Gothan^ that this species should be 
referred to Podocarpoxylon : the pitting of the medullary-ray cells, 
though seldom preserved, seems to difier from the typical Cupress- 
inoxylon form. It is therefore referred though with some hesitation 
to Mesembrioxylonu 

V. PABACEDROXYLON. Sinnott. 

Pamcedroxylon scituatense Sinnott. The generic name Para- 
cedroxylon^ was instituted for this Cretaceous species from Scituate, 
Massachusetts, in order to indicate its resemblance to Oedroxylon 
as defined by Kraus, more especially as regards the pitting of the 
tracheids and the absence of resin-canals and xylem-parenchyma 
in the normal wood, and to show that in some features it differs 
from that genus, namely in the absence of Sanio’s rims and in 
the smooth and thin unpitted horizontal walls of the medullary-ray 
cells. In typical species of Cedroxylon xylem-parenchyma is 
present and the tracheal pitting alone is not a distinguishing 
feature. The annual rings are broad and not well defined ; resini- 
ferous parenchyma is restricted to wounded regions. Groups of 
thin- walled cells, which it is suggested may be abortive resin- 
canals, though there is no evidence that this is the case, and thick- 
walled parenchyma occur in the wounded tissue. The tracheids 
have a single row of bordered pits, generally circular. The medul- 
lary rays, 2-— 12 or more cells in depth, are pitted only on the radial 
walls and there are 4— -6 circular pits with an oblique slit-like pore 
in the field. The occurrence of bands of much, thickened and 
pitted parenchyma is regarded as evidence of wounding : canal-like 
spaces occur in the traumatic tissue. Moreover in the affected 
regions the medullary-ray cells often show pitting on their hori- 
zontal and tangential walls. 

Sinnott regards the absence of Sanio’s rims as indicative of 
Araucarian affinity while the traumatic phenomena are interpreted 
as Abietineous characters. The genus rests on a slender basis: 
except for the absence of xylem-parenchyma the normal wood 
differs very slightly from Cupressinoxylon and it is not distinguished 
by any well-marked 

Jeffrey® has described the axis of a Geinitzia horn, the 

^ Gothan (08) p. 7. ^ (09). 3 Jeffrey (11). 
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Mataram formation as exhibiting the features of Parace- 
droxylon, 

VI. CEDROXYLON. Kraus. 

This generic name was instituted^ for fossil wood agreeing with 
Cu'pressinoxylon in the arrangement of the pits on the tracheids 
and in the absence of resin-canals, but differing in the scarcity or 
absence of xylem-parenchyma. As defined by Schenk^, Oedroxylon 
stands for fossil wood agreeing generally with that of recent species 
of Gedrus, Abies, and Tsuga with or without tracheids in the 
medullary rays, Brongniart’s genus Eleoxylon^ is included by 
Schenk as a synonym of Oedroxylon, The chief distinguishing 
character of Oedroxylon as compared with Cupressinoxylon, as 
used by some authors, is the more restricted occurrence of xylem- 
parenchyma ; in Oedroxylon it is confined to the end of each year’s 
wood whereas in Oupressinoxylon the parenchyma is not so limited 
in its distribution. A closer examination of different types of 
wood included in Oedroxylon shows that the xylem-parenchyma 
is an unsafe guide: Barber^ states that he found more xylem- 
parenchyma per square millimetre in Oedrus wood than in Orypto- 
meria (a genus included in the general term Oupressinoxylon) and 
Lignier^ speaks of the absence of parenchyma in some species of 
Oedroxylon. Gothan^, who has discussed the distinctive features 
of these and other genera in considerable detail, points out that 
in Abies Webbiana xylem-parenchyma is abundant as in Oupress- 
inoxylon, while in some Cupressineae the parenchyma is so scarce 
that it is often difficult to discover. It is clear that a test based 
on the presence or distribution of xylem-parenchyma is unsatis- 
factory ; the application of such a test would lead to the inclusion 
of both Abietineous and Cupressineous genera in one generic type. 
In typical cases the distribution of xylem-parenchyma is none 
the less a useful character, but Conifers with parenchyma scattered 
through the year’s growth are not confined to types usually in- 
cluded in the comprehensive genus Oupressinoxylon : mmj Podo- 
carps and some other genera not members of the Cupressineae 
possess abundant parenchyma in the wood. The structure of the 

^ Kraus in ScMmper (72) A. p. 370. ^ Schimper and Schenk (90) A. p. 862. 

® Brongniart (49) A. p. 76. ^ Barber (98) p. 332. 

s Lignier (07^) p. 245. Gothan^(0o) p. 45. 
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Bieciallary-ray cells affords an important distinguisliiiig feature. 
In they are characterised by the occurrence of pits on 

all the walls as in Abies, Tsuga, Cedrus, Larix, Picea, Pseudolanx, 
while in wood of the Ciipressinoxylon type there is no Abietineous 
pitting but only pits on the radial walls. Another distinguishing 
feature, mentioned by Lignier, —whether important or not is open 
to question— is based on the greater, number of medullary rays 
per square millimetre in Cupressinoxylon. 

The characters of Cedroxylon may be briefly summarised as 
follows: — Annual rings well marked; bordered pits on the radial 
w^alls of the tracheids usually circular and separate and if in more 
than one row, opposite, but in some species the Araucarian type of 
pitting also occurs (fig. 723), the pits being contiguous and alternate 
or sometimes arranged in stellate clusters. Xylem-parenchyma 
typically confined to the end of an annual ring, but sometimes 
absent; medullary rays generally uniseriate and composed ex- 
clusively of parenchyma though horizontal tracheids may occur; 
pits on all the walls of medullary-ray cells as in the Abietineae ; 
on the radial walls there may be 1—6 apparently simple circular 
pits in the field. There are no resin-canals except as the result 
of injury. 

Cedroxylon transiens Gothan. 

This species from Upper Jurassic rocks in Spitzbergen^ and 
from Lower Cretaceous beds in King Charles Land^ illustrates the 
admixture of opposite, separate, and contiguous, alternate, pits 
in the same wood (fig. 723, A, B) ; stellate groups also occur 
(fig. 723, A), an arrangement occasionally seen in some recent Pines, 
e.g., Finns MerJmsii^. The Araucarioid type of pitting is charac- 
teristic of the spring- wood where it is associated with the more usual 
opposite and separate arrangement. Smaller separate pits occur on 
the tangential walls of some of the tracheids. Resin-canals are 
absent, though a solitary example is recorded by Gothan. The 
medullary rays have several small pits in the field, also pits on the 
tangential and horizontal walls ; the xylem-parenchyma is confined 
to the end of the year's wood ; the cross- walls are pitted (fig. 723, B). 

1 Gothan (10) p. 38^ PI. VI. figs. 11— 13. 

- Ibid, (072) p, 26, figs. 14, 15; PL I, fig. 1. 

^ Groom Eushton (13) PI. xxv. figs. 47, 48. 
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Gothan makes no mention of Sanio’s rims. The Abietineous 
features predominate over the Araucarian, the latter being limited 
to the local occurrence of polygonal and alternate bordered pits. 




F.IG. 723. A, B, Cedroxylon transiens, C, Oedroxrjlon blevillense, (A, B, after 
Gothan; C, after Lignier.) 

Wood of similar type was described by Schroeter^ from King 
Charles Land as Pinus {Larix) Johnseni: resin-canals, possibly 
due to wounding, occur in the summer- wood. The medullary rays 
are 1 — 18 cells deep and there are 1 — 3 simple circular pits in the 
field; all the walls of the ray cells are pitted. As in Cedroxylon 
iransiens the Araucarian type of pitting is represented on some of 
the trach^ds. 

ffofwei Seward and Bancroft. 

An Upper Jurassic species from Helmsdale^, Sutherland, a 
locality from which Hugh Miller recorded numerous specimens of 
fossil wood which is still abundant on the beach immediately north 
of Helmsdale. The annual rings are well defined: the bordered 
pits are usually in a single row on the radial walls of the tracheids, 
occasionally in contact and flattened; double rows of opposite 
pits are not uncommon. Xylem-parenchyma confined to the 
late wmod. Medullary rays, 1—26 cells deep, generally 8 — 12, 

^ Schroeter (80), PI. i. figs 1— 8. 

Seward and Bancroft (13) p, 883, text-%. 5; PI. n. figs. 22 — 2o. 



216 


CONIFEEALES 


[CH. 



and imiseriate ; there are 2-— 4 simple or faintly bordered circular 
pits ill the field and pits occur also on the tangential and horizontal 
walls. 



Fig. 724. a, Bmcky^hyllum eaiMe^se; stoma. B— F, Gedroxylon Hornei. 
(After Seward and Bancroft. ) 

CedroxyloncedroidesGoth^ 

In this species from King Charles Land probably Lower 
Cretaceous, the pitting of the tracheids is in the main of the usual- 
Coniferous type and not Aiaucarioid, though in places the pits are 

1 Gothan (07^) p. 23, figs. 11—13. 
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alternate and form stellate groups. The medullary rays, reaching 
a depth of 30 cells, show very clearly the Abietineous pitting and 
there are 4—5 simple circular pits in the field. The occasional 
occurrence of single large pores in the field would seem to be due, 
at least in part, to the destructive action of fungi. Xylem- 
parenchyma occurs in the summer- wood. The structure agrees 
with that of the wood of Cedrus^ Pseudolarix, and Tsiiga; the 
Abietineous features are relatively more conspicuous than in 
Cedroxylon transiens in which the tracheal pitting is more Arau- 
carian. 

Cedroxylon maidstonense Stopes. 

In this wood\ from the Lower Greensand of Kent, the rings 
of growth are well marked ; the bordered pits on the radial walls 
of the tracheids are usually uniseriate and Sanio’s rims are dis- 
tinctly preserved, Xylem-parenchyma is absent or very rare and 
there are no resin-canals. The medullary rays are seldom deeper 
than 10 cells; there are 4 — 6, or occasionally more, oval or 
circular pits in the field and some have a slit-like pore and are 
bordered; pits are clearly shown on the tangential walls of the 
ray cells. 

Cedroxylon 'pottoniense Stores. ^ 

This species^ of the same geological age, from Potton in Bedford- 
shire, differs from 0 . maidstonense in the comparative abundance 
of xylem-parenchyma: the medullary-ray cells show very clearly 
the Abietineous type of pitting. 

Cedroxylon blevillense Lignier. 

In this species from the gault of Bleville ( Seine-Inf erieure)® 
the tracheal pits are usually uniseriate and separate but if in two 
rows they may be either opposite or alternate. The pits in the field 
are small, numerous, and have an oblique pore (fig. 723, C). The 
tangential walls of the ray cells are sometimes pitted. There is 
no resiniferous parenchyma. The characters afford another illus- 
tration of the impossibihty of drawing any clearly defined line 
between Cedroxylon and allied generic types. 

^ Stopes (15) p. 149, PL xii. text-figs. 41 — 43. ^ Ibid;, p. 154, text-fig. 44. 

3 Lignier (O?^) p. 267, PL xvin. figs. 15— 17,v PL xxi. fig. 66; PL xxii. fig. 72; 
PL xxiii. fig. 87. 
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A Triassic species described by Wherry^ as Brackyoxylon penn- 
sylvamcum maj, as that author suggested, belong to Oedroxylon: 
the tracheids have 1 — 2 rows of pits, usually separate but sometimes 
alternate and hexagonal as in Cedroxyhn transmis a^nd C, 
no description is given of the medullary-ray pitting or of any 
xylem-parenchyma. There are no adequate grounds for referring 
this Triassic wood to Oedroxylon. Several species of wood from 
Triassic and higher horizons have been assigned to Oedroxylon, 
but in many cases the descriptions fall short of modern standards 
and accurate determination is impossible. Crie^ describes a 
species, 0. australe, from the Trias of New Caledonia though 
his figures and descriptions do not afford satisfactory evidence 
in support of this reference. Schenk^ mentions Oedroxylon 
pertinax (Goepp.) as the oldest representative of the genus and 
speaks of it as Rhaetic, while Gothan refers the species to a Juras- 
sic horizon. A species founded by Goeppert and described by 
Mercklin^ from Jurassic rocks of Bussin, Pinites jurassicus, ma^j 
be a Oedroxylon’. the bordered pits are usually separate and 
opposite but sometimes in contiguous groups. Mercklin states 
that small thick-walled cells, often with dark contents, occur at 
the outer limit of each ring. A specimen described by Felix^ as 
Oormocedroxylon jimnse from the Braun Jura of Galicia is com- 
pared by him with Pinites jurensis. Fliche^ records, though with- 
out complete diagnoses, some French Lower Cretaceous species : 
the tracheids of Oedroxylon reticulatum from the Albian of 
L’ Aube, are characterised by pits which are usually separate but 
may be contiguous and flattened. Cones closely resembling those of 
Oedrus occur in the same beds. This author gives partial descrip- 
tions of 0. barremianum Pliche'^ iiom the Lower Cretaceous of 
Haute Marne and a Cenomanian species 0. manehildense Fliche^, 
but in neither case are the data adequate. 

is an Upper Cretaceous 
Japanese species with 1 — 2 rows of tracheid- pits, generally opposite 

MVheny (12) PL IV. M2rie (89) Pis. ^ 

® Scliimper and Schenk (90) A, p. 871. 

^ Mercklin (55) p. 48, PL vm. figs, 6— 10. ^ Felix (82) j). 264. 

' Flicho(97) p. 7. 7 /M. (00) PL II. fig. 1. 

8 Ihid. (96) PL XV. fig. 3. 

9 Slopes and Fujii (10) p. 42, PL i. fig. 10,- PL iv. figs. 20—23. 
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but sometimes alternate though not contiguous. The medullary 
rays, 5 — 12 or rarely 20 cells deep, are imperfectly preserved. 
Another species, 0. Yendoi Bt^ and Fuj. from the same locality is 
also founded on material that is insufficient for accurate deter- 
mination. Sporadically occurring resin-ducts are regarded as 
traumatic. 

Among Tertiary species reference may be made to Ceiroxylon 
affine Kraus ^ from Sicily, without resin-parenchyma and charac- 
terised by usually two large simple pits in the field ; C. Hoheneggeri 
Felix ^ from the Eocene of Moravia figured by Schenk as from 
Cretaceous strata; C. Hermanni Sch.^, an incompletely described 
species from Assam, probably of Tertiary age, 

VII. PITYOXYLON. Kraus. 

Kraus® included in this genus some of the species previously 
referred by Goeppert to Pinites] others he assigned to Ceiroxylon. 
Pityoxylon is distinguished from Gufressinoxylon and Ceiroxylon 
by the normal occurrence of resin-canals in the wood and by the 
presence of horizontal tracheids in some of the medullary rays. 
Within the limits of the genus the following differences occur in 
the characters of the medullary rays and the resin-canals the 
walls of the ray-tracheids are smooth or provided with denta1:.e 
ingrowths ; the pits on the medullary-ray cells are large and simple 
or smaller and apparently bordered, and there may be one or 
several pits in the field; the parenchyma of the resin-canals has 
thin or thick walls. As generally employed Pityoxylon includes 
species exhibiting anatomical features met with in Pinus, Picea, 
Laxix, Pseudotsuga, and some other Abietineae. Gothan® makes 
use of two generic names, Piceoxylon and Pmuxylon, to denote the 
possibility of more precise comparison with recent types than is 
implied by Kraus’s more comprehensive term. Piceoxylon is 
characterised by thick-walled epithelial cells lining the resin-canals, 
by small pits in the ray cells, spiral tracheids in the summer-wood, 
the absence of teeth in the ray-tracheids, clearly marked Abietineous 

figs. 24 — 26. 

3 Felix (82) p. 268. 

^ Kraus in Schimper (72) A, p. 377. 


^ Stopes and Fuji! (10) PI. rv. 
3 Kraus (83). 

Schenk (82^) p. 355. 

« Gothan (05) p. 102. 
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pitting ill the ray cells, and by the occurrence of numerous pits in 
the tangential walls of the summer tracheids. 

Pimixyhn is used by Gothan in preference to Pinoxylon, the 
name adopted by Knowltoii^ for wood in which there are no resin- 
canals in the medullary rays. In Pimixyhn the walls of the 
epithelial cells are thin, rarely thick; the medullary rays have 
large simple pits in the spring- wood; there are no spiral bands in 
the tracheids. The horizontal tracheids have smooth or dentate 
\?alls and the Abietineous pitting is much reduced. The distinctions 
on which these two genera are based are thus not very clearly 
defined and it is only in particularly well-preserved material 
that the two generic types can be recognised with certainty. 
Dr Stopes^ follows Jeffrey and Chrysler^ in regarding Gothan’s 
twofold division as unnecessary. 

In the majority of species referred to Pityoxylon the published 
information is insufficient for a sub-division in Gothan's sense and 
as a rule the generic name stands for wood of an Abietineous type 
which cannot be assigned with confidence to any one recent genus. 
The question of the antiquity of the Abietineae has been confused 
by the too liberal use of the term Pinites by Goeppert and some 
other authors for stems which have no claim to be placed in the 
genus Pityoxylon, Jeffrey and Chrysler^, who follow previous 
authors in quoting Pinites Conwentzianus Goepp.®, described as a 
Carboniferous species from Waldenburgh, as evidence of a Palaeo- 
zoic Pinus-like wood, state that the species receives full confir- 
mation from the description of a similar type, Pityoxylon chasense 
Pen.® from the Permian of Kansas.' Goeppert and Stenzel state 
that Pinites Conwentzianus was found on a rubbish-heap ("Halde'), 
but Goeppert apparently entertained no doubt as to its Carboni- 
ferous age. Through the courtesy of Prof. Freeh of Breslau I was 
able to examine the originat sections and convinced myself that 
the wood is Abietineous: the rings of growth are well defined; 
horizontal tracheids occur in some of the rays and the tracheal 
pits, 1 — 2 rows, are widely separated, though occasionally the pits 

1 Knowlton in Ward (00) p. 420. ^ gtopes (15). 

3 Jeffrey and Chrysler (06). ^ 

^ Goeppert and Stenzel (88) p. 54, Bis. xi., xii. 

Penhailow (00) p. 76; Thomson and Allin (12). 
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of a single row are in contact and slightly flattened. Feeling 
sceptical as to the Carboniferous age of the wood I wrote to Dr 
Conwentz who confirmed my doubts with regard to the value of the 
evidence as to the geological horizon. Thomson and Allin have 
shown that Penhallow’s Pityoxylon cannot be accepted as trust- 
worthy evidence of the occurrence of a Palaeozoic Abietineous 
type. Pityoxylon chasense is not an Abietineous species; it is 
founded on Dadoxylon wood devoid of annual rings and without 
resin-canals traversing the medullary rays. 

The fragments of wood from the Muschelkalk of Eecoaro 
figured by Schleiden and Schenk^ as Pinites Goeppertianus afford 
no evidence of Abietineous affinity beyond the occurrence of 
separate bordered pits on the walls of the tracheids. 

Pityoxylon eiggense (Witham). 

The petrified wood first named by Witham'^ Pinites eiggensis 
and afterwards^ referred by him to the genus Pence was originally 
recorded by Macculoch in 1814 from below the massive and pre- 
cipitous ridge of pitchstone which forms a striking feature above 
the basaltic lavas of the Sgurr of Eigg in the Inner Hebrides. 
Lindley and Hutton ^ and NicoH also gave short descriptions of the 
structure and Miller ® in Cruise of the Betsey alludes to a fossil 
trunk as ^an ancient tree of the Oolites.’ The wood occurs with 
fragmental sedimentary rocks below the pitchstone and not 
actually in situ ; Mr Harker’s thorough examination of the island 
led him to the conclusion that the wood and associated rock- 
fragments are derived from Jurassic (Oxfordian) strata and were 
carried up by volcanic agency*^. Mr Harker tells me that he has 
never seen the Pityoxylon with any undoubted matrix adherent ; 
it occurs with wood of a different type {Dadoxylon) which is em- 
bedded in a white sandstone agreeing exactly with the Great 
Estuarine Sandstone of Eigg in which similar wood has been found 
in place. It is, however, possible thsbt Pityoxylon did not come 

1 vSchenk (68) PL v. figs. 4—7. 2 Witham (31). 

3 Ibid. (33) A. Pis. xiv., xv. ^ Lindley and Hutton (33) A. PL xxx. 

« Nicol (34) A. p. 154, ® Miller (58) p. 37. 

’ Harker (06) p. 55; (08) p. 52. In these memoirs Mr Barker discusses the 
earlier conclusions of Sir Archibald Geikie as to the geological history of Eigg and 
gives references to previous notices of the fossil wood; Seward (11-) p. 652. 
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from the same source as the Dadoxylon wood.. Though probably 
Jurassic, a Tertiary source is by no means ruled out. 

Kraus ^ transferred Witham’s i^pecies to the gonm Pity oxylon 
and that name is used by Schroeter^ and Schenk ^ The specimens 
on which the following account is based are most of them in the 

defined, usually 1—1 *5 mm. 



Fra, 725. Pityoxylmi eAggenst*, c, resin-canal in a fusiform medullary ray. 
(British Museum, 53427, 51641, 51727.) 


broad ; the reduction in diameter of the summer- tracheids extends 
over several rows, the transition b more gradual than 

in some types of Coniferous wood. A characteristic feature is the 
occiDTence of more or less circular patches where the tracheids 
ha\e been destroyed with the- exception of a single tracheid or a 

Kraus in Scliimper „(72) A. p. 378. 2 Scliroeter (80) p. 13. 

Scliimper and Schenk (90) A. pp. 855, 874. 
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small group in the centre of a clear crystalline matrix. Some of 
these patches simulate resin-canals, a fact which led Schenk to 
deny the existence of true canals. All stages of decay are shown, 
from the partial obliteration of a circular group of tracheids to 
the destruction of the group, one central element being left, or to 
the formation of a canal-like cavity (fig. 725, A). It is often 
difficult to decide whether a clear space in the wood is a canal or 
the result of fost-mortem changes, but there is no doubt as to the 
occurrence of some true secretory canals in different regions of the 
wood. There is very little parenchyma accompanying the canals. 
The medullary rays are of two kinds, uniseriate, 1—13 ceils in 
depth, though usually about 6 cells in depth, and lenticular rays 
with a central canal (fig. 725, C, c) identical with those in a modern 
Pine. Fig. 725, D shows part of a vertical canal with some 
parenchymatous lining in continuity with a hoiizontal canal in a 
broad medullary ray. Several small pits occur on the tangential 
and horizontal walls of the ray cells, and the radial walls, which 
are less clearly preserved, occasionally show 1 — 3 elliptical pits. 
In radial section the upper and lower cells of a medullary ray are 
often distinguished by their' less uniform breadth and resemble 
in this respect ray tracheids. A careful examination of sections 
revealed the existence of bordered pits in the tangential walls of 
these elements and confirmed their tracheal nature^. 

The bordered pits are generally single and sparsely scattered on 
the radial walls of the tracheids ; occasionally the pits are in 
contact and a few double and opposite rows occur. An interesting 
feature is the occurrence in some tracheids of a biconcave patch 
of some brown substance agreeing closely with resinous deposits 
described by Penhallow^. If this species is from Jurassic strata 
its close resemblance to recent types of Pinus is a fact of consider- 
able interest. 

Pilyoxylon RujfonU 

This species® is founded on a specimen of wood obtained by 
Mr Eufford from Wealden beds at Ecclesbourne 5n the Sussex 

1 I am inde} 3 ted to Miss Ruth Holden for calling my attention to this feature 
and for otht‘r assistance in the examination of the sections. 

^ Penhallow (04) p. 526. 

3 vSeward (95) A. p. 199; (96) p. 417, Hs. ii., in. 
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coast: the sections on which the description is based are in the 
British Museum. Annual rings well marked, varying in breadth 
from 1 to 3 mm. ; resin-canals are abundant both in the spring- and 



Fig. 726. Pityoxylon Sewardi. Radial section showing tracheids, tr, in a medullary 
ray; c, parenchyma of the ray with simple pits, (After Stopes.) 

autumn-wood and torizontal canals occur in the lenticular medul- 
lary rays : some of the canals §;re occupied by large rounded cells 
like tyloses. The bordered pits on the radial walls of the tracheids 
form single or double rows; in the latter case the pits are generally 
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opposite but stellate groups also occur as in Ckdroxylon transiem^ 
Goth. (fig. 723, A) and several other species. The iiniseriate 
medullary rays reach a depth of 30 cells : there are usually 2—4; 
oval or circular pits in the field. 

A similar type of stem is represented by Pityoxylon NathorstP 
(Conw.) from the Lower Cretaceous of Sweden. 

Pityoxylon Sewardi Stopes. 

This species^ is founded on a petrified branch, not less than 18 
cm. in diameter, from the Lower Greensand of Kent. It exhibits 
the usual features characteristic of the genus ; the wood contains 
horizontal and vertical canals with thin- walled epithelial cells. The 
medullary rays are larger and more abundant than in most Coni- 
ferous woods and horizontal tracheids (fig. 726, tr) occur inter- 
spersed with the parenchymatous cells, c, as well as on the upper 
and lower margins, an arrangement in which the fossil bears a 
striking resemblance to the recent species Pinus monticola^. 

Pityoxylon Benstedi Stopes. 

In this Lower Greensand species^ from Kent the resin-canals 
often contain tyloses as in P. Nathorsti Conw, and the epithelial 
cells have very thick walls, a feature suggesting comparison with 
the genus Larix. The medullary rays show well-marked Abie- 
tineous pitting (fig. 727, a) and ray-tracheids (rt) occur. Eims of 
Sanio are shown in fig. 727 between the circular bordered pits, 
tr. The difference between the tiacheal and ordinary parenchy- 
matous elements of the rays, as represented in fig. 727 from a 
drawing by Dr Marie Stopes, is not very clearly defined and in the 
upper ray shown in the figure part of a tracheid is seen abutting 
laterally on parenchymatous ray cells, the only difierence between 
them being in the form of the pits, a criterion which is largely 
dependent for its value on the state of preservation. Dr Stopes is 
inclined to regard this species as most nearly allied to Larix. 

Pityoxylon statenense 3 

A species from the Middle Cretaceous of Staten Island^ found 
in association with the short shoots described by Jeffrey and 

1 Conwentz (92) p, IS, Pis. I.— III., vi.jV'n. 

- Stopes (15) p. 95, Pis. IV;, V. text-figs. 23, 24. ^ text-fig. 25, j). 103. 

^ Ibid. (15) p. 105, Pis. text-figs. 26, 27. 

^ tleffrey and Chrysler (06), 
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Hollick as PiwMS triphylla, etc. The anatomical features are as 
follows:— annual rings narrow, not clearly marked owing to the 
walls of the summer-tracheids being thinner than in recent species 
ot Pinus ; xylem-parenchyma confined to the periphery of the 



Fig. 727. Pityoxylon Beiistedi, Radial section showing the tracheal pitting, ir; 
rt, ray-traeheids ; p, ray cells with large pits j a, typical Abietineons pitting 
of end*walls of medullary-ray cells. (After Stopes.) 

resin-canals wMch occur in any part of the wood and are often 
filled with tyloses. The tracheids have a single row of pits not 
contiguous or flattened; the pits on the tangential walls are 
confined to the summer-tracheids; both linear and fusiform 
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medullary rays occur, the latter with horizontal resin-ducts. There 
are no ray-tracheids. There is usually one circular or elliptical 
pit in the field. A second species from the same locality, Pityoxyhn 
scituatense, differs only in some unimportant features from P. Staten- 
ense. These fossils differ from recent Pines as also from Pmea, 
Pseudotsuga^ and Larix in the absence of ray-tracheids. In the 
restriction of bordered pits to the tangential walls of the tracheids 
of the summer- wood they agree with the soft Pines, but though 
this character is generally lacking in hard Pines, Jeffrey and Chrys- 
ler point out that in some hard Pines without pits on the tangential 
walls of the tracheids of vegetative shoots the summer elements 
of the cones have tangential pits. The occurrence of bordered 
pits on the tangential walls of the late wood and the absence of ray- 
tracheids are regarded by the authors of the species as ancestral 
features, 

Pityoxyhn protoscleropitys (Holden). 

A Middle Cretaceous species^ from Few Jersey, referred by 
Miss Holden to Pinus, showing the following features : — annual 
rings well developed; linear and fusiform medullary rays, hori- 
zontal and vertical resin-canals, bordered pits uniseriate and scat- 
tered on the radial walls of the tracheids; none on the tangential 
walls. Rims of Sanio are present. There are 1 — 2 pits in the 
field with a lenticular pore and circular border; the other walls 
of the ray cells are abundantly pitted. Ray-tracheids occur on 
the margins of the medullary rays and rarely ^ interspersed with the 
parenchyma ; their walls are denticulate as in recent hard Pines. 

The presence of horizontal tracheids in the medullary rays is 
an important character : in Pityoxyhn scituatensiformis (Bailey)^, 
another Middle Cretaceous species, ray-tracheids are present but 
they have smooth walls and are not met with in the first 10— 15 
rings of wood, whereas in P. 'protosclerofitys thoj occur even in the 
wood of the first year. In this connexion the presence of ray- 
tracheids in Pityoxyhn eiggense is noteworthy at least if that species 
is from a Jurassic source. Pityoxyhn is considered 

by Miss Holden to be ^probably the earliest form with all the 
characters of a modern hard Pine, yet retaining certain ancestral 

1 Holden (13»). ^ Bailey (11). 

15—2 
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features, as the association of primary and fascicular leaves, the 
latter borne on brachyblasts subtended by a foliar trace.’ 

; Miss Holden 1 has also described from New Jersey two species 
which she compares with Prefinus^ namely Pityoxylon foliosum 
md P. ammdum, 

Pityoxylon Nathorsti (Conwentz). 

Under the name PiMa Nathorsti Conwentz^ described in 
considerable detail specimens of petrified wood from the Senonian 
Holma sandstone of Sweden, also a cone and two detached needles. 
The rings of growth agree with those of stems and older branches 
in the gradual increase in the thickness of the tracheid- walls in 
passing from the spring to the late summer elements. The bor- 
dered pits on the radial walls of the tracheids are uniseriate and 
separate and none were found on the tangential walls. Both 
horizontal and vertical lesin-canals occur, several of them with 
well-preserved tyloses ; the epithelial cells are thin- walled and 
unpitted as in Pinus silvestris. It may be that the abundance of 
tyloses is connected with the presence of fungal mycelia as in 
wood of Hevea stems recently described by Mr Brooks^. The 
medullary are uniseriate, generally 5—7 cells deep, also fusiform 
and with resin-canals : the preservation is not sufficiently good to 
admit of any definite statement as to the occurrence of horizontal 
tracheids. 

Pityoxylon zezoense (Suzuki). 

This Upper Cretaceous Japanese species was described as 
Abiocaulis zezoensis^, but in view of the occurrence of features* 
suggesting comparison with Pinus as well as with Abies the more 
comprehensive generic name is preferable. In the presence of 
pits on the tangential and horizontal walls of the medullary-ray 
cells and in the pitting of the tracheids this wood conforms to the 
Abietineous type. There are no ray-tracheids : the pitting on 
the radial walls of the ray cells agrees in part with that in Abies 
and in some of the cells there are large circular pits like those of 
Pinus. Normal resin-canals are present in the second ring only 
others being interpreted as traumatic. Xylem-parenchyma is 

1 Holden (13^). 2 Oonwentz (92) p. 13, Pis. i. — nr., vi., vii. 

3 Brooks and Sharpies (14). A Suzuki (10). 
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sparsely distributed. There would seem to be little difference of 
importance between this species and wood referred to Cedroxylon. 

The number of Cretaceous examples of pityoxylon might be 
considerably extended : for an account of French species reference 
should be made to Lignier and to Fiiche. 

Pityoxylon Pseudotsiigae {Gothsin). 

Gothan described this species, from South Nevada and prob- 
ably of Tertiary age, as Piceoxylon Pseudotsugae^ : it is interesting 
as a type of Pityoxylon agreeing closely with the recent genus 
Pseudotsuga in the presence of spiral bands in the tracheids. There 
are both vertical 'and horizontal resin-canals and the ray cells have 
Abietineous pitting. Xylem-parenchyma occurs next the summer- 
wood and the epithelial cells have thick walls, features in agree- 
ment with Gothan’s genus Piceoxylon, Bailey'^ points out that in 
the absence of spiral bands in the ray-tracheids the fossil species 
resembles Pseudotsuga Douglasii, while in Pseudotsuga fnacrocarpa 
the tracheids of the rays have spiral bands. 

Fritel and Viguier^ have described a species from Eocene beds 
in the Paris Basin as Piceoxylon Gothani in which some of the xylem- 
tracheids have spiral bands. 

Pityoxylon 'pulchrum {CmmQt), 

A Tertiary species^ originally described from material collected 
by Sir Leopold MacClintock in Banksland as Gupressinoxylon 
pulchrum, A piece of wood in the Dublin Museum labelled ^from 
Ballast Bay, Baring Island, given by Sir L. MacClintock’ agrees 
very closely with Cramer’s type-specimen, and as the resemblance 
extends to most of the anatomical characters, I believe it to be 
the material on which G. pulchrum was founded. The chief 
diffeience is that the Dublin wood has resin-canals as in the 
specimen described by Cramer as Pinus MacGlurii (?) Heer^; 
in G, pulcJirum no resin-ducts are recorded. On the other hand 
in the sum of its characters the Dublin specimen agrees much 
more closely with G. pulchrum. Annual rings well marked; 

^ Gothan (06®), ^ Bailey (09) p. 54. 

® Fritel and Viguier (11) p. 63, 

^ Cramer (68) p. 171, PI. xxxw. fig. 1 ; PL xxxw figs. 6 — 8. 

® Ibid, Pis XXXV, XXXVI. ; 
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bordered pits large, approximately 25 ft in diameter, in 1—2 
opposite rows, sometimes in contact and slightly flattened. 
Medullary rays nniseriate, 1—14 cells deep, also fusiform rays 
coiitaiiiing a canal ; 2 or 3 large oval pits occur on the 

radial walls of the ray cells and in a few cases pits on the tangential 
walls. Eay-tracheids with bordered pits occur on the edges of the 
medullary' rays. , 

Among other Tertiary species reference may be made to Pity- 
oxylon parryoides Goth. ^ from the Braunkohle of Bheinland, so 
named from its resemblance to the North American 
characterised by horkontal tracheids with smooth walls and thin- 
walled epithelial cells ; also Pit/yox^^^^^ Kraus ^ a Sicilian 

Tertiary species without ray-tracheids. 

Pityoxylon 

This species from the Oligocene amber beds of the Baltic coast 
was first named Pinites succinifer^ and several years later fully 
described and admirably illustrated as Pinus suGcinifeT^. It 
aSords a striking illustration of the possibilities of amber as a 
petrifying agent and shows several features of anatomical interest. 
The roots are represented by pieces of wood in a pathological 
state : the tracheids have 1—3 rows of pits on their radial walls 
and some of them contain tyloses ; the walls of the ray-tracheids 
have dentate ingrowths. The stem and branch wood is more 
complete. Sieve-tubes and sieve-plates are exceptionally Well 
preserved and both cortex and pith tissues are represented. The 
tracheids have 1 — 2 rows of separate pits ; a spiral sculpturing 
on the walls of the tracheids was mistaken by Menge for the 
spiral bands characteristic of the Taxineae and he named the 
species Taxoxylum- electmchyton. Conwentz describes tyloses in 
the tracheids, also a crescentic patch of parenchyma in the wood 
passing into a mass of resin a feature oc.casionaUy seen in recent 
wood. The medullary ra 5 ?'s have 1—4 pits in the field ; both ray- 
tracheids and horizontal resin-canals occur and in some cases 

^ Gothan (09) p. 523, %s. 

“ Kraus (83) p, 83, PI. I. figs. 1—3. 

^ Goeppert (41) p. 39; Goeppert and Berendt (45) A. p. 61. 

Conwentz (90) A. p. 26, with numerous plates. 

^ IhkL (89); (90) A, p. 48; cf. HoUick and Jeffrey (09) B. PI. XXI. fig. 4. 
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rays are said to consist exclusively of tracheal tissue^. Pine 
needles and cones have been obtained from the amber beds. 

The Fossil forests of the Yellowstone Park include examples 
of Pityoxylon trees some of which have been described by Knowh 
ton^ and Felix ^5 but unfortunately the anatomical details are not 
as a rule well preserved. The most striking exposure of the 
Tertiary (probably Miocene) trees is on the slopes of Amethyst 
mountain (fig. 712)5 where a succession of forests is represented 
throughout the 2000 ft. of strata. Felix describes a species 5 
Pityoxylon fallax, chiefly interesting from the point of view of a 
comparison between the stem and root wood of the same tree: 
the elements of the root are in general larger than those in the 
stem. Knowlton gives an account of P. Alder soni and P. aine- 
thystinum, species w^hich may be identical : the pits on the tracheids 
and medullary rays are seldom preserved, but the occurrence of 
both vertical and hoiizontal resin-canals is clearly shown. 

VIII. PROTOPICEOXYLON. Gothan. 

Protof iceoxylon exstinctum Gothan. The generic name Proto- 
ficeoxylon wsis proposed for some Lower Cretaceous wood from 
King Charles Land^ possessing Abietineous characters, intermediate 
between Cedroxylon and Pityoxylon in having only vertical resin- 
canals, at least in uninjured wood. The anatomical features of 
the type-specimen are complicated by the occurrence of additional 
resin-canals in wounded portions of the stem. It is difficult to 
determine the precise extent of the traumatic influences, but 
the presence of callus-wood heahng a wound leaves no doubt as 
to the correctness of Gothan’s conclusion that certain features 
are abnormal and due to the effects of wounding. In the species 
P. exstinctum are also included specimens from Spitzbergen^ 
and some of the material on which Cramer® founded his species 
Pinites cavernosus : the later specific name is not retained on the 
ground that the original diagnosis is incorrect and it was only 
after examining sections of the type-specimen that Gothan recog- 
nised the true nature of CrameFs species. 

1 Conwentz (90) A. PL ix. £g. % 

2 Knowlton (99) p. 763, Pis. cvi.— Gvni., oxn,— cxv., cxviii., cxix. 

® Felix (96) p. 254. ^ Gothan (072) p. 32, figs. 16, 17 ; PL i. figs. 2 — 6. 

^ Gothan (10) p. 15, PL ii. figs. 5—8; PL in. figs. 1 — 4, 6 — 8. ® Cramer (68). 
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Proiopkmxylon. exMim shows the following characters :~ 
annual rings well marked; vertical resin-canals occur in the wood 
but there are no canals in the medullary rays except a few of 
imusually large diameter in wounded areas; there is no xylem- 
parenchyma apart from the resin-canals. Tracheids wuth 1 — 2 
rows of bordered pits on the radial walls, separate and circular, 
also contiguous and flattened, opposite, or sometimes alternate : 
in the occurrence of the Araucarian type of pitting on some 
tracheids this species agrees with several types of Mesozoic wood. 
Medullary rays uniseriate, characterised by well- developed Abie- 
tineous pitting; on the radial walls there are 2—4 circular and 
bordered pits in the field. No undoubted ray-tracheids were 
noticed ; numerous small pits occur on the horizontal walls of paren- 
chymatous cells associated with the resin-canals. The pith consists 
of parenchyma with thin sclerenchymatous diaphragms. 

The horizontal canals, presumably traumatic, in some of the 
medullary rays resemble in their large size those in Anomaloxylon 
but in that genus there is no Abietineous pitting on the medullary- 
ray cells ; similar canals are described by Jeffrey^ in wounded 
wood (A Oedrm and other Conifers. In the occurrence of vertical 
canals only in the normal wood Protopiceoxylon is intermediate 
between Gedroxylon, which has no canals, and Piceoxylon and 
Pinuxylon of Gothan (= Pifyoxylon of Kraus), the fossil represen- 
tatives of such recent genera as Larix, Picea, and Pmus, in ’which 
both vertical and horizontal ducts occur. Gothan holds, and 
probably with good reason, that vertical canals preceded those 
in the medullary rays and regards the fossil species as a primitive 
type. 

A species from the Black Hills described by Knowlton^ as 
Pinoxylon dacotense agrees with Protopiceoxylon in having only 
vertical canals, but it is not clear whether they are normal or 
traumatic: Piceoxylon would seem to be the more appropriate 
designation for KnowltoAs species. 

Protopiceoxylon articnm noY. 

This species is founded on a specimen from Cape Flora, Franz 
Josef Land, probably Oxfordian in age. Annual rings are distinct 

^ Jeffrey (03); (05). 2 Knowlton in Ward (00) B, p. 420, PI. CLxxix. 


:S-Liv] 


PEOTOPICEOXYLOK 


233 


and narrow; several oval or circular spaces are conspicuous in 
transverse section, some being true canals and others tbe result 
of decay. There are 2 — 3 opposite rows of bordered pits on the 
radial walls of the tracheids. Partially destroyed rows of resin- 
parenchyma occur which probably belong to secretory canals. 
The uniseriate and comparatively deep medullary rays, 20— 30 
cells, are characterised by rather thick and pitted horizontal and 



[: (Cambridge Botany School) ^0.129. Protopiceox^lonEd- 

[ wardsL Longitudinal view 

of the thick- walled, pitted, 

f epithelial cells of the resin- 

\ canals. (After Stopes.) 

vertical walls (fig. 728) ; 4 — ^5 small simple pits occur on a few of 
the cells and on the upper and lower edges of some of the rays are 
empty elements of unequal breadth which in all probability are 
ray-tracheids. The wood agrees in the presence of vertical 
, canals only and in the structure of the medullary rays with Proto- 

pieeoxylon exstinctum Goth. In Gothan’s species there are 2— 4 
bordered pits in the field, but the absence of a border in 
the Franz Josef Land wood may be a consequence of imperfect 
preservation. 
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Protopiceoxylon Edw^^ Stopes, 

Founded on a branch, from the Lower Greensand of Sussex, 
showing 17 annual rings, having the following characters^: a large 
pith nearly 3 mm. in diameter composed of parenchyma without 
stone-cells ; tracheids with usually one row of circular bordered 
pits ; vertical canals in the summer- wood and associated with 
a small amount of resiniferous parenchyma; medullary rays 
uniseriate, with Abietineous pitting and 2—4 more or less circular 
pits in the field. The small size of the resin-canals is a character- 
istic feature, also their thick- walled pitted epithelial cells (fig. 729). 
The species differs from Gotham’s P. exstinctum in the smaller 
diameter of the canals, the absence of traumatic horizontal canals, 
and in the greater number of the vertical secretory passages. 

IX. WOODWORTHIA. Jeffrey. 

WoodivortMa arizonica Jeffrey. This genus^ is founded on 
specimens from the Triassic petrified forest of Arizona character- 
ised by the occurrence of short shoots in the secondary wood com- 
parable with those in the stem of Amiicariofitys. In the type- 
specimen the annual rings are not very clearly defined : the pitting 
on the tracheids is definitely Araucarian. The medullary rays 
are uniseriate, 2 — 9 cells deep : they appear to have pits only on 
the lateral walls. 

On the surface of the wood are several small scars and a few 
larger ones, the former representing short shoots subtended by a 
leaf “trace; the shoots are not infrequently branched as they pass 
'through the secondary xylem, a feature recorded also in Ginkgo^, 
Jeffrey describes the short shoots as having a limited existence 
and disappearing in the wood at a comparatively short distance 
from the pith ; they have no rings of growth, a character associated 
with short-lived leaf-spurs in recent species but a feature in which 
they differ from those of Ginkgo. The leaf-traces subtending the 
short shoots, in contrast to those of Araucaria, are not persistent 
throughout the secondary wood. Jeffrey regards this fact as an 
argument against the view that the persistence of the traces in 
Araucaria is a primitive character; but it is worthy of* note that 

^ Stopes (15) p. 81, PL in. text-figs. 17—22. 

2 Jeffrey (10^), Pis. XXXI., xxxn. 


® Tupper (11). 


XLIV] 


ARATJCARIOHTYS 


235 


the leaves accompanying the shoots oi W oodwortMa ^ 
strictly comparable with those of the foliar organs of recent 
Araucarias which have no short shoots in their axils. Jefirey 
regards the short shoot as a primitive attribute of the coniferous 
stock and its occurrence in the stems of W oodivortliia d.i\A Arau- 
ccifiofitys is held to be evidence in support of the interpretation 
of the seminiferous scales of Abietineous genera as metamorphosed 
short shoots, an interpretation which is open to question. The 
presence of short shoots is not a monopoly of the Abietineae and 
their presence in a stem may be regarded as a point of contact with 
Ginkgo as well as with Abietineous plants. Attention is called 
elsewhere to the probability that foliar spurs like those of Finns 
are specialised forms of ordinary shoots. However W’‘e may 
interpret the characters exhibited by Woodioorthia, the genus is 
an interesting example of an extinct type illustrating the combina- 
tion with Araucarian characters of a morphological feature that 
is no longer represented in the Araucarineae. 

X. ARAUCARIOPITYS. Jeffrey. 

A genus founded by Jeffrey^ on a stem from the Middle Cre- 
taceous beds of Staten Island, New York, showing on its decorti- 
cated surface scars of short shoots and in the structure of the wood 
both Abietineous and Araucarian features. 

Amucariofitys amerieana Jeffrey. Che bordered pits on the 
radial walls of the tracheids are often contiguous and flattened 
though in places separate, and circular, usually arranged as a single 
row. All the walls of the ray cells are pitted as in the Abietineae. 
The large number of vertical resin-canals (fig. 758, C, D, page 323) 
in a single tangential row is regarded as evidence of traumatic 
origin. This conclusion is based on the fact that when canals are 
present in wood that is known to have been wounded they occur 
in crowded tangentially arranged rows in contrast to their sparser 
distribution in the normal wood. There are no canals in the 
uninjured tissues of Amucario'pitys, Diaphragms of sclerous cells 
occur in the pith as in some recent Abietineae. The short shoots 
are shown in tangential section of the stem and stated to be accom- 
panied by a subtending leaf. 

1 Jeffrey (07) Pis. xxvm — xxx. 
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It is suggested by Jeffrey that Afaumnofitys may be tlie stem 
of Heer’s genus CzekanowsUa\ but there is no proof of a connexion 
and evidence afforded by Czekanowshia favours an alliance with the 
Ginkgoales. is regarded by Jeffrey as 'unquestion- 

ably Araucarian’ though 'nearer in structure to the Abietineae 
than any other known Araucarian genus living or extinct/ The 
chief Araucarian feature would appear to be the occurrence of 
flattened tracheal pits, but Jeffrey points out that not only are 
the pits in '^*a single row and sometimes separate, but even when 
in double rows the pits may be opposite. The other characters, 
the pitting of the medullary-ray cells and the presence 
of resin-canals, are more Abietineous than Araucarian^. In 
view of the occasional occurrence in Abietineous genera of con- 
tiguous and alternate pits on the tracheids it is open to doubt 
whether there are adequate grounds for assuming a definite 
Araucarian affinity. Araiicariopitys is one of several genera 
described by Jeffrey and other American authors .exhibiting 
features shared by recent Araucarineae and Abietineae which are 
claimed as evidence of the greater antiquity of the Abietineotis 
type. In this genus the balance of evidence would seem to be in 
favour of an Abietineous alliance, the tendency towards an Arau- 
carian pitting of the tracheids being reminiscent of ancestral 
types in which that character was more pronounced. 

XI. PROTOCEDROXYLON. Gothan. 

Protocedroxylon araucarioides, Gothan. The type-species of 
the genus founded on Upper Jurassic wood^ from the Bsmarks 
Glacier, Spitzbergen, is one of the most striking examples of a 
group of generalised types from Upper Jurassic strata especially 
from the Arctic regions. The generic name emphasises the Abie- 
tineous characters while the specific term gives expression to the 
presence of Araucarian features. The following account is based 
chiefly on the description by Gothan, and a few additional facts 
are taken from an account of some specimens from Liassic and 
Oolitic rocks on the Yorkshire coast by Prof. Jeffrey^ and Miss 
Holden®. 

^ See page 63. 2 Gothan (10) p. 30. 

3 Gothan (10) p. 27, Pis. v., vi. ^ Jeffrey (12) p. 533, PL i. figs, a, 5. 

® Holden (13“) }5. 538, PL XL. figs. 17— 21. 
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Annual rings well marked ; bordered pits on the radial walls of 
the tracheids in 1—3 rows; in the Spitzbergen wood these are 
from 20 to 24 /r in height, dimensions larger than in recent Aran- 
carineae, and in the type-specimen the pits are always contiguous, 
more or less flattened and alternate — that is Araucarian ; in the 
English specimens the pits when in a single row are often separate 
and circular but equally often contiguous. Jeffrey points out 
that the alternate pits when in more than one series are less 
crowded than in Araucarian wood. There are no Sanio's rims. 
The medullary rays are uniseriate and characterised by Abietin- 
eous pitting on the horizontal and tangential walls; on the radial 
walls there are 1 — 3 circular, apparently unbordered, pits in the 
field. Xylem-parenchyma is practically absent. An interesting 
feature is the abundance both in the Spitzbergen and Yorkshire 
material of tyloses in many of the tracheids, a feature occasionally 
met with in recent Conifers^ as in some other fossil species. The 
pitting of the tracheids in the type-specimen may be described as 
exclusively Araucarian, but in the English specimens separate 
pits also occur though on the whole the Araucarian type is domi- 
nant. The pitting of the medullary rays is on the other hand 
definitely Abietineous. The American authors, particularly Miss 
Holden^, consider that the absence of Sanio’s rims sufiices to tip 
the balance on the Araucarian side. On most of the tracheids 
the crowding of the pits precludes the occurrence of Sanio’s rims 
and in other cases their absence is not necessarily an original 
feature. Abietineous pitting is recorded by J effrey in the cone- 
axis of an Agathis and it has also been found in Araucaria; but 
in the Araucarineae it is very exceptional: its occurrence as a 
constant feature in Protocedroxylon may be regarded as an indica- 
tion of Abietineous relationship. No substantial assistance is 
afforded by impressions in Spitzbergen rocks: the abundance of 
S' is consistent with the occurrence of Araucarian wood, but 
impressions of Abietineous Conifers afford at least as strong an 
argument in favour of the occurrence of Abietineous wood. 

Protocedroxylon scofdcmn (llolden). This species, described by 
Miss Holden^ under the generic name Metacedroxylon from Coral- 
lian beds on the Sutherland coast of Scotland, is founded on a piece 
^ See page 178. ^ Holden, E. (15). 
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of stem showing 75 rings of growth. There are no resin-canals 
and no xylem-parenchyma ; the tracheids have nniseriate bordered 
pits on the radial walls only and they are almost invariably com- 
pressed by mutual contact; the presence of a torus is a feature 
characteristic of the Abietineae and not of the Araucarineae. 
Bars of Sanio are present but there are no rims of Sanio. Tyloses 
are abundant in the tracheids. The medullary rays are 2—20 
cells deep, generally nniseriate though occasionally biseriate ; the 
pitting is of the Abietineous type. In the abundance of tyloses 
and in other characters the wood resembles Protocedroxylon 
araucarioides Goth, a species transf erred by Miss Holden to 
Metacedroxylon, but it differs in the absence of tangential tracheal 
pits and in the occurrence of biseriate medullary rays. 

Some fossil wood, which is not very well preserved, from 
Middle Cretaceous rocks near lefren in the Gulf of Tripoli is de- 
scribed by Negri as Protocedroxylon Paronai^, The tracheal pits 
where biseriate are often alternate and compressed; rims of Sanio 
are absent: the latter feature, deduced from negative evidence, 
and considering the state of preservation, is surely of little value. 

The presence of Araucaiian pitting on the tracheids in several 
Jurassic species is far from surprising in view of the prevalence 
of that type of pitting in Palaeozoic stems ; moreover an ad- 
mixture of characters is a natural result of progressive develop- 
ment. It is a matter of opinion with regard to the relative value 
of tracheal or medullary-ray pitting whether Protocedroxylon 
■ should be placed nearer to the Araucarineae or to the Abietineae. 
Miss Holden^ discards the name Protocedroxylon for Metacedroxylon 
on the ground that the former implies Abietineous affinity, a fine 
shade of difference that hardly gives adequate expression to her 
conclusion that ^ Metacedroxylon araucarioides cannot be other 
than an Araucarian Conifer.’ 

XIL XENOXYLON. Gothan. 

Gothan^ instituted this generic name for some Upper Jurassic 
wood, originally described by Cramer^ from Green Harbour, 

^ Negri (14) p. 340, PI. v. figs. 1 — 6; PI. vi. figs. 1. — 3. 

2 Holden, R. (14) p. 538. ^ Gothan (05) p. 38^ 

Cramer (68) PL XL. ; Schroeter (80) p. 7. 
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Spitzbergen, as Pinites latiporosus in order to give expression to 
tbe combination of distinctive features in both the tracheal and 
medullary-ray pitting. The most striking characteristics are the 
very large size of the bordered pits of the tracheids, the occasional 
{X. fhyllodadoides) or constant (X, latiporosum) occurrence of 
contiguous and vertically flattened and transversely elongated 
pits on the radial walls, the absence of pits on the transverse and 
tangential walls of the medullary-ray cells, and the presence of 
large simple pores on the lateral walls. There is no definite 
evidence as to the nature of the foliage, though Nathorst^ has 
suggested a possible connexion between Elatides and Xenoxylon, 
Xenoxylon "would seem to have been widely distributed in later 
Jurassic floras. 

Xenoxylon conchylianum 'Elicho. 

. Fliche^ refers to Xenoxylon a piece of wood from the Muschel- 
kalk of the Vosges characterised by (i) the occurrence of uniseriate 
bordered pits compressed above and below and occupying the whole 
breadth of the tracheids and (ii) a single elliptical pit in the field. 
The regularity of the pores in the medullary-ray cells and the fact 
that they are most clearly shown where the preservation is best 
favour the conclusion that they are an original feature. The 
medullary rays are usually from 5 to 10 cells in depth. There are 
no resin-canals and no xylem-parenchyma. Fliche states that the 
pits on the tracheids are rather less flattened than in X, lati- 
forosmn 2 iud they occupy a greater breadth of tracheal wall. The 
photographs accompanying the description are unfortunately too 
small to show the important characters. The annual rings are 
faintly marked and the summer elements are confined to 4— 5» rows. 

Despite the resemblance between this Triassic species and those 
previously described it is by no means certain that Fliche’s species 
is generically identical with the younger types. Large simple 
pores occur in the medullary-ray cells of recent Conifers belonging 
to different families, and it is not uncommon to find the bordered 
pits on the radial walls of tracheids in contact and slightly flattened 
in wood normally characterised by circular and separate pits. In 

1 Nathorst (97) p. 42.; 

2 FHche (10) p. 232, H. xxni, figs. 4--5. 
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tMs coiiii6xioii it is iiotewortliy that Fliche states that the pits in 
his wood are occasionally circular. 

Xenoxylon latiporosum {Gmm&r). 

Gothan’s examination of the specimens on which Cramer 
founded this species^ enabled him to confirm the main points of 
the original description: he regards Ciamer’s species Pmfe 
paudforosus as identical with the type-species with which he also 
identifies Amucarioxylon Tcoreanum Felix^. Xenoxylon latiporosum 
is characterised by the large size of the pits on the radial walls of 



Fig. 730. A, Xenoxylon phyllocladoides. B, C, Xenoxylon latiporosum. 

(A, after Gothan; B, C, after Cramer.) 

the tracheidsj 20-— 40/x broad and 15 — ^20 ft high, their vertically 
flattened form (fig. 730, B) and their occurrence in one or two con- 
tiguous rows, the pits of double rows being generally opposite. The 
medullary rays are uniseriate, reaching 17 cells in depth, character- 
ised by the narrow form of the cells, the absence of pits on the 
horizontal and vertical walls and by the presence of large simple 
pores on the lateral walls, usually one pore in the field (fig. 730, C) 
which it almost fills, or occasionally two; there is no xylem- 


^ Gothcan (10) p. 23, Pis. iv., v. 


2 Felix (87) PL xxv. fig. L 
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parenchyma but tylose-like cross- walls occur in some of the xylem 
elements. 

The nature of the pitting led Kraus ^ to include Cramer’s 
species in Amucarioxylon and Miss Holden^, who records this 
species from the Yorkshire coast, regards the absence of Sanio’sv 
rims as evidence of Araucarian afiSnity. The medullary-ray 
pitting is, however, very difierent from that in recent Araucarineae: 
and the absence of Sanio’s rims may well be a natural consequence 
of the crowded arrangement of the tracheal pits, 

Xenoxylon phyllocladoides Gothan. 

This species, founded on material from the Bathonian of 
Eussian Poland^, differs from X. latiporosiim in the not infrequent 
occurrence of separate and circular pits on the tracheids : in it are 
included specimens from Liassic rocks at Gallberges near Salzgitter 
in Germany described by Conwentz^ as Araucanoxylon latiforosuni 
(Cram.) and, with some hesitation, Cupressinoxylon Barber i Sew.^ 
from the Yorkshire coast. The tracheal pits are uniseriate, 
flattened or separate and circular (fig. 730, A), or in two rows, 
generally though not invariably opposite ; they vary in size from 
22 X 30 fc to 24 X 36/^,; the medullary rays are generally less than 
10 cells deep and in pitting agree with those of the type-species. 
This species is recorded from Poland, Spitzbergen, King Charles 
Land®, Yorkshire, and Germany. 

Though similar to Araucaria and Agathis in the flattened con- 
tiguous pits, Xenoxylon differs in the elliptical form of the border 
and pore, also in the occurrence of separate and circular pits and 
in the occurrence of opposite pairs. In the form of the pits on the 
tracheids Xenoxylon resembles the Palaeozoic species Dadoxylon 
protopityoides Fel.’^ and pits of similar form occur in the wood of 
the recent Magnoliaceous plant Drimys W intend. From the 
Abietineae the genus is distinguished by the restriction of the 
medullary-ray pitting to the radial walls, though the large pores 

^ Kraus in Schimper (72) A. p. 384. 

- Holden, B. (14) p. 536, PI. xxxix. figs. 5, 6, 

3 Gothan (OO^) p. 454, fig. 4 ; (10) p. 36, PI vi. figs. 9, 10, etc. 

^ Conwentz (82) p. 170 

s Seward (04) B. PI. vn. ; Holden, 11. (14) p. 535. 

« Gothan(082) p. I0, figs. 3— 9. .; 

’ Felix (86) A, PI, V. fig. 4.^ « Groppler (94) Pis. i., it. 
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(fig. 730, C) ill the field resemble those of some Pines and other 
Abietiiieae as also those of Sciadopitys (fig. 693, N): in Xenoxylon 
there are no resin-canals and no xylem-parenchyma. Gothan 
considers that while differing in the sum of its characters from any 
other type of Conifer, Xenoxyylon shows most resemblance to 
Gothan’s genus PhyIhcladoxylon{^ Meseynhrioxylon ^ew,)^, a genus 
including fossil species which suggest affinity not only with Phyl- 
lodadus but with other members of the Taxaceae. In his account 
of Xenoxylon phyllocladoides ivom King Charles Land Gothan 
describes instructive examples of the effect of the action of fungal 
hyphae on the structure of tissues. The genus may be described as 
a generalised type exhibiting features shared by the Araiicarineae 
and Taxaceae. 

XIIL ANOMALOXYLON. Gothan. 

Anonialoxylon magnoradiattim Gothan. Gothan proposed this 
name^for some Upper Jurassic wood from Spitz- ,, ) 

bergen^ which cannot be definitely assigned to a 
family-position: its most striking feature is the 
occurrence of large spindle-shaped medullary 
rays containing a large ‘ canal,’ or spaces lined by 
a single layer of cells (fig. 731). The rings of 
growth are well marked, the summer- wood 
being composed of a very few rows of tracheids 
in abrupt juxtaposition to the larger spring 
elements, a character associated with roots. 

There are no vertical resin-canals and no regular 
or typical horizontal canals. Xylem-parenchyma 
is rare or absent. The bordered pits on the 
radial walls of the tracheids are in 1—2 rows, 
separate and circular or, more frequently, con- 
tiguous and more or less flattened but, if in two 
rows, not alternate. The medullary rays are 
uniseriate, generally 5”-7 cells deep, or in places 
forming broad and deep spindle-shaped areas 
either empty or containing a large circular canal- 
like passage. These peculiar rays, as seen in a 



tangential section of the wood, are a conspicuous feature and 


Jil 

Em. 731. Anomalo- 
xylon magnoradi- 
cikm. Medullary 
ray sliowing the 
small cells and a 
resin-canal. (After 
Gothan.) 

"are 


^ See page 203. 


Gothan (10) p. lO; PI. PI. ii. figs. 2, 3. 
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often lined by a layer of small cells (fig. 731). In the presence of 
these large medullary rays Anomaloxylon resembles ThyUoxylon, but 
in the latter genus the rays are smaller and more uniform in size. 
Gothan discusses the nature of these medullary rays and inclines 
to the view that they agree more closely with abnormal or traumatic 
formations in certain Conifers than with any normal structures. 
There are no pits on the horizontal or tangential walls of the ray 
cells and there are 2 — ^3 simple circular pits in the field. 

The general impression gained from an examination of Gothan’s 
photographs is that no true canals occur, and that the peculiar 
medullary rays owe their form to partial decay of abnormal 
patches of parenchyma possibly produced as the result of wounding. 

Though on the whole nearer in structure to the Taxodineae^ 
than to any other family Anornaloxylon is a type which cannot 
be assigned to a definite position, 

XIV. THYLLOXYLON. Gothan. 

ThyUoxylon irregulare Gothan. The generic name ThyUoxylon 
was given to a single species of Upper Jurassic age from Spitz- 
bergen^ on account of the occurrence of tiillen-like parenchyma 
in horizontal canal-like spaces in some of the larger medullary 
rays. The wood is characterised by separate bordered pits in the 
summer tracheids and 1 — ^2 rows of alternate contiguous, Arau- 
carioid, pits on the spring elements; xylem-parenchyma occurs 
only at the end of the year’s growth. The medullary cells have 
Abietineous pitting and there are 2 — 3 small circular, apparently 
simple, pits in the field, or occasionally only one in the region 
of the late wood. The rays are uniseriate or 2 — 3 cells broad and 
some medullary rays closely resemble those of certain Abietineae 
possessing horizontal resin-canals; but in ThyUoxylon are no 
true canals. The central parenchyma of some of the broad rays 
is replaced by a canal-like space and these spaces are often filled 
with spherical tiillen-like tissue, a feature shared with a. to- 
xylon, but in that genus there is no Abietineous pitting on the 
medullary-ray cells. There are no vertical resin-canals. 

^ That is Athfotaxis, Cryptomeria, Sequoia, Taxodmm, and Sciadopitys, genera 
which are now (see page 126) assigned to different families. 

2 Gothan (10) p. 34, PI. vi. figs, 2 — 8. 
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XV. : PLANOXYLON. Stopes. '■ 

Dr Marie Stopes^ has recently instituted this generic name for 
a piece of Coniferous wood from Middle (or Upper?) Cretaceous 
rocks in New Zealand and in it she also includes the Liassic species 
Amucarioxylon Lindleii (Witham). The genus is a striking ex- 
ample of a combination of Araucarian and Abietineous characters^, 
and, as Dr Stopes points out, it resembles in this respect Cedroxylon 
transiens Goth, and other generalised types. 

Plmoxylon Hectori Stopes. The type-specimen, from Amuri 
Bluff, New Zealand, is part of a stem 150 years old or more. The 
lings of growth are well marked ; the tracheids have 1—3 rows of 
alternate and hexagonal bordered pits on the radial walls and there 
may be a single row of separate pits on the elemeiats at the end of 
an annual ring. The medullary rays are nearly always uniseriate, 
1 — 24 cells deep but usually from 3 to 9 cells in depth; all the 
walls of the ray cells are pitted and there are 1 — 2 vertical rows of 
three pits in the field in the neighbourhood of the spring tracheids 
and generally a single vertical pair in the region of the late wood. 
Xylem-parenchyma appears to occur only between the spring 
tracheids and the latest formed wood of the previous year. Like 
many other fossil stems this species indicates the existence of 
Conifers with typical Araucarian pitting on the tracheids and 
equally well defined Abietineous pitting on the medullary-ray cells. 
It is especially interesting as showing the presence in the southern 
hemisphere of a type very similar to Cedroxylon transiens and other 
species recorded from high northern latitudes. 

Planoxylon Lindleii (Withsbm). 

This Liassic species from Whitby was originally referred by 
Witham^ to the genus Peuce ; subsequently included in Araucano- 
xylon^ it hm recently been transferred by Dr Stopes to her new 
genus Plmoxylon^. The pitting of the tracheids is essentially 
Araucarian ; there are 1—3 rows of alternate hexagonal pits on 
the radial walls, but the pitting of the medullary-ray cells, as 
Dr Stopes has shown, is typically Abietineous. 

Stopes .'(16) ' ' 

2^ 7r\civao}iaL, to wander; suggesting that ‘the forms comprising the genus were 

moving from one position to another in a systematic sense,’ 

» Witham (33) A. p. 58, Pis. IX., XV. ^ ^ Seward (04) B. p. 56, PJs. vi., vii. 
5 Stopes (16) pp. 118, 120, textngs. ® 


CHAPTER XLV. 


CONIPERALES. 

Shoots, Cone-scales, etc. 

The majority of the vegetative and fertile shoots, cone-scales, 
seeds, etc., selected in illustration of the past history and geographi- 
cal distribution of the Coniferales are described under the different 
families enumerated on page 124. Under each family are included 
not only specimens which, with a fair amount of confidence, can 
be assigned to a family-position but also genera of doubtful 
affinity which it has been contended afford evidence of greater or 
less value in favour of an alliance with the family under which 
they are described. The inclusion of certain genera in a chapter 
or section devoted to a particular family does not necessarily mean 
that they show clear evidence of relationship to that family: 
many of the genera might with equal propriety be relegated to 
Chapter L, which is devoted to Coniferales incertae sedis. On the 
other hand some genera included in that category would by other 
authors be given a place in the Araucarineae or some other family. 
I have endeavoured to state the different views expressed by 
authors with regard to the affinity of imperfectly known genera, 
but in many instances the available data do not afford any trust- 
worthy evidence of relationship to existing types. 

Araucakineae. ■ 

BAMMARITES. Presl. 

PROTODAMMARA. Hollick and Jeffrey. 

The distinctive characters of the recent genus AgatMs {Dammara) 
are briefly described in Chapter XLIII. Fossil records bearing on 
the past history of Agathis are more meagre and more difficult of 
interpretation than those relating to The evidence 

at present available points to the greater antiquity of Araucaria 
at least as regards the type of cone characteristic of that genus. 
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On the other hand the type of foliage-shoot represented by existing 
species of 44^a^te—withont taking into account the Palaeozoic 
leaves assigned to Gordaites, some species of which bear a close 
superficial resemblance to those of certain examples of the recent 
genus—is widely represented in Ehaetic and Jurassic floras by 
Podozamites\ There is, however, no proof that Podozmnites was 
nearly related to AgatJiis, and, indeed, such information as we have 
A¥ith regard to the reproductive organs of that genus does not 
point to any very close Araucarian affinity. Fossil wood gives 
no help towards a distinction between the two members of the 
Araucarineae nor do impressions of vegetative shoots materially 
aid us. 

Palaeobotanical literature contains a few records of leaves 
referred to Dmmnam or Daymnafites but in no case is there any 
conclusive evidence of generic identity of the fossils with the 
recent genus. Leaves from Lower Cretaceous rocks in Bohemia 
described by Velenovsky and by Fric and Bayer^ as Daynmm'o- 
fhyllum striapimi and D. bohemicum exhibit a close agreement ih 
shape and venation with those of some species of Agathis, though 
they differ but slightly from some forms of Podozamites, e.g.^ 
P. Remii Geyl. (fig, 814, p. 456). Other leaves that may belong to 
plants similar to Agathis are represented by Dmnmarites caudatus 
and D. eynargimtus Lesq. from the Dakota series^: these, prob- 
ably specifically identical, forms present, as Lesquereux says, a close 
resemblance to Agathis robiista. It is impossible without additional 
data to determine the true position of these and similar leaves 
though it is permissible to regard them as possible examples of 
the foliage of Conifers closely allied to Agathis. Similarly, some 
detached leaves from Cretaceous and Tertiary strata referred to 
Podozamites may well be more akin to Agathis especially in view 
of the fact Podozamites is essentially a Rhaetic and Jurassic 
genus. The leaves figured by Saporta^ from Lower Cretaceous 
beds in Portugal as Podozamites ellifsoideus agree closely with 
those of Agathis, In the case of separate linear leaves like those 
described by Hollick® from the Cretaceous of Long Island as 

^ See page 447, ^ Fric and Bayer (01) B. p. 96. 

^ Lesqnereux (91) p. 32, PI. T. 9— 11.^ ^ ^ ^ ^ 

^ Saporta (94) B. PL xxxm. fig. 5; PL XXXV. fig 12. 

5 Hoilick (12) PJ . 163, figs. 2, 3. 
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Podozamites lanceolatus the term Besmiofliyllum would, be a more 
appropriate generic designation, the name Daynmarites being 
adopted for broader foims. This distinction is purely arbitrary 
and it must be admitted that there is no substantial justification 
for the use of a generic name implying affinity with Agathis. 
Unless there are adequate grounds for assuming generic identity 
of detached Tertiary and Cretaceous leaves with Podozayy%ites it 
is inadvisable to make use of that designation. As Schenk^ points 
out Velenovsky’s Tertiary species Podozamites miocenicus may be 
a leaf of Agathis or possibly a Podocarf us. 


Dayyiynarites Bayeri Zeiller. 

This name was given to some oval-lanceolate leaves from Upper 
Cretaceous beds in Bulgaria varying in length from 10 to 12 cm. 
and from 15 to 30 mm. broad agreeing closely with Heer’s Podo- 
zamites yyiarginatiis from the Cenomanian of Greenland but wisely 
excluded by Zeiller^ from that genus, though on grounds which 
are no longer cogent if the interpretation of Podozamites impressions 
as shoots and not pinnate leaves is accepted. 

Ettingshausen^ records two species of Bammarites from 
Tertiary rocks in New Zealand: Bmnyymrites Oiveni includes in 
addition to leaves a cone-scale, the impression of a cone, and some 
petrified wood of the Araucarian type. There is no proof that 
these disjimcta nieynbra belong to the same plant though it is not 
im.probable that they are parts of a Conifer closely allied to 
Agathis. Ettingshausen’s second species B. imivervis is founded 
on a leaf and a supposed cone-scale of doubtful value. 

The data furnished by leaves alone are of little value. In 
addition to the cone described from New Zealand by Ettingshausen 
other examples are recorded as species of Baynyyiarites but without 
any satisfactory evidence of affinity to the recent genus, e.g., 
Bmmnarites albens Presl.^ from the Quadersandstein of Bohemia 
and Z). two species are united by 

1 Schimper and Schenk (90) A. p. 279. 

2 ZeiUer (05-) p. 17, PI. vii. figs. 8-~ll. 

® Ettingshausen (87) p. 15, PL i. figs. 20—24. 

^ Sternberg (38) A. PL lii. ; Corda in Reuss (46) B. PL XLViii. ; C4oeppert (50) 
p. 237; Schimper and Schenk (90) A. p. 279, fig. 292 5 

® Goeppert (50) PL xlv. fig. 6 ; Corda in Reuss (46) B. 
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Velenovsky under a single type which he calls Krannera mirabilis^ 
from a name suggested by Corda: additional examples superior 
in preservation to those previously figured are illustrated in 
Velenovsky's memoir on the Bohemian Cretaceous Gymnosperms. 
Velenovsky regards the supposed cones as stems bearing crowded 
woody scales which originally had long Cordaites-like leaves at- 
tached to a transverse ridge just internal to the thickened distal 
ends: there appears to be no absolute proof in support of this 
connexion between scales and foliage-leaves, but one specimen 
figured shows portions of leaf-like organs attached to two of the 
scales, though these may be petiolar and not pieces of laminae. 
Reference is made elsewhere to the Krannem leaves. It is probable 
that, as Velenovsky believes, the supposed cones are stems similar 
to tuberous Cycadean species but it is doubtful if they were pro- 
vided with leaves of the type included in Kmnnera mirabilis. 
Schmalhausen^ figures a Tertiary cone irom Russia as Dammara 
Armaschewshii which in the form of the distal ends of the scales 
resembles Afmmria brasiliensis and species of Pinus, but some 
detached scales agree closely in shape and in the possession of a 
single seed with those of Agathis. Small detached cone-scales 
of Tertiary age, described by Schmalhausen® as Dammara Tolli 
from the New Siberian Islands, 

(fig. 732), may be allied to Agathis; 
they agree generally with those of 
D, borealis and other western types. 

It is, however, from detached cone- 
scales obtained from Cretaceous 
strata in Greenland and some 
European localities but especially 
from the Eastern United States that the most promising in- 
formation has been gained. Hitchcock first recorded these scales 
from Martha’s Vineyard and spoke of them as 'seed-vessels’ of 
some Coniferous plants^ but it was Heer^ who compared them 
with the cone-scales of Agathis. The latter author described 
several examples from Cenomanian strata in West Greenland as 
Dammara borealis, D. microlepis, etc. 

^ Velenovsky (85) B. p. l/PJs. i., rv. ^ gcjuaalhaiisen (83) p. 313, PI. xxxvi. 

^ Ihid. (90) p. 14, PL i. %, 19. ^ HoUick (06) p. 38. s ^ 32 ^^ 
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Damniarites borealis (Heer). Though it is clearly impossible 
to define with any precision the limits of species based on detached 
scales varying considerably in size and shape, several types have 
been recorded, particularly from different localities on the Atlantic 
Coastal plain of North America^. The larger forms may con- 
veniently be included in Dammmites borealis Heer and smaller 
forms are illustrated by Pmtodammara speciosa HolL and Jeff. ^ 
It is probable that these two types are generically identical, but 
the name Protodammara implies the presence of certam structural 
features while Heer’s species is founded on 
casts or impressions. A specimen of the 
latter species from Greenland is shown in 
fig. 733, the scale is 22 mm. broad and 
is characterised by several parallel lines, 
either vascular bundles or resin-canals, and 
the white patches represent some exuded 
resinous material. Other Greenland ex- 
amples are more elongated basally and are 
identical in shape with the smaller scales 
from Staten Island seen in fig. 758, E, F, 
page 323. Fossils of similar form were described by Heer from 
the same locality as Eucalyptus Geinitzii^. Krasser^ and some 
other writers have retained the generic name Eucalyptus on the 
ground of association with Emalyptus-Yi^Q leaves. Hollick speaks 
of scales like D. borealis as ‘among the most abundant and charac- 
teristic remains found in the Cretaceous deposits of America and 
Europe^': he adds that the name Dammarites is chosen for the 
sake of convenience rather than from a conviction that it represents 
their true generic relationship. Newberry in describing this type 
from the Amboy clays states that some of the scales have grooves, 
corresponding to the dark lines in fig. 733, filled with amber 
and anatomical evidence derived from Protodammara m^'poTts the 
view that the cone-scales were rich in resinous substance. Both 

^ Hollick (97) PI XI. figs. 5—8; (06) p. 37; Newberry and Hollick (95) p. 46. 

^ Hollick and Jeffrey (06) p. 199, PI. i. figs. 5—13; PI. n. figs. 1 — 5. 

3 Heer (82) p. 93. 

Krasser (96) B. PL XVI. fig. 6, 

5 Velenovsky (89) PI. I. figs. 28, 29. 

® Newberry and Hollick (95) p. 47 and see also Berry (07). 
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large and small cone-scales axe recorded by White\ Berry 
Knowltoii, and especially by Hollick from several places on the 
Atlantic Coastal plain. Knowlton’s species Dammarites acicu- 
is probably id with D. borealis. As examples of 

smaller forms reference may be made to D. northfortensis^, D. 
nimor\ and the scales now included in Protodammar a. These 
numerous scales occur as detached specimens and without seeds, 
but their resemblance to the cone-scales of AgatMs and the ana- 
tomical features exhibited by the lignitic examples described by 
, Hollick and Jeffrey afford strong arguments in favour of an 
affinity to AgatMs. We have no. proof as to the nature of the 
vegetative shoots of the parent-plants. Newberry states that in 
the Amboy clays the scales occur in association with shoots like 
Heer's J'lrnipems ^ in some eases, apparently, attached. 

On the other hand Krasser considered the association of the speci- 
mens from Moravia, which he called Eucalyptus Geinitzii, with 
dicotyledonous leaves as evidence of original connexion. 

Proiodammara speciosa Hollick and Jefirey. 

It is probable that these scales® are generically identical with 
the larger forms referred to D. borealis and other species, e.g., 
D. cliff umdensis"^, hut until anatomical evidence is obtained a 
distinction should be recognised; The type-specimens were found 
at Kreischerville,. Staten Island, New Jersey, in Middle Cretaceous 
beds, and the species is thus defined: — ^Idte-shaped cone-scales 
from 4 to 6 mm. long by 4 — ^6 mm. broad above, abruptly narrowed 
from about the middle to the base (fig. 758, E, F, page 323), 
rounded, incurved, and apiculate above; resin-ducts five or more, 
extending down the lower surface of the limb ; seed-scars three in 
number, crescentically arranged above the middle and approxi- 
mately in the broadest part of the scale, with the central one higher 
up than the laterals. Near the base of a scale there is a single 
vascular bundle with the xylem uppermost: at a higher level a 
single strand with reversed orientation is given off and the original 

’ White (90) p. 97. ^ Berry (03) PI XLViii. figs. 8 — 11. 

^ Knowlton (05) PL XV. figs. 2—5. 

AHolHck (04) p. 405, PI. Lxx. figs. 1, 2. ^ lUd. (12) PL ii. figs. 35—37. 

® Hollick and Jeffrey (06) ; (09) B. p, 46, Pis. iv., x., xiv.— xvi. 

r Homck (97) PL XL figs 5— 8. 
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bundle divides into three. In the lower portion of the scale there 
are seven resin-canals and above these is a band of transfusion- 
tracheids surrounding and connecting the vascular bundles. In 
median longitudinal section a scale shows a terminal spinous 
process similar to that in the scales of Comtes JuclcW (fig. 734) ; 
on the adaxial side of this the scale is swollen and internal to the 
swollen part is a small pit marking the position of the middle of 
the three seeds. The upper surface of the scales is covered with 
periderm and stone-cells occur in the ground- tissue. In anatomical 
characters Protodmnmara resembles the scales of recent Arauea- 
rineae more closely than those of any other Conifers, and in the 
absence of a definite ligule and in the relation of the seeds to the 
scale the fossil scales are similar to those of Agathis. In the 
description of a Scotch Upper Jurassic cone, Conites Juddi, 
attention is called to a close resemblance in anatomical features 
to Protodammara. The American scales occur in association with 
shoots of the type represented by Brachyphylhim macrocarpum 
Newb.^ (—B. crassum) (fig. 758, G), an association noted also in 
other localities than Kreischerville. The structure of these shoots 
is described under the genus Brachyphylhmi^, but as regards the 
scales the important point is that if this association means original 
connexion, the habit of the parent-plant was wholly different 
from that of any recent Agathis oy Araucwria. Brachyphyllum 
macrocarp'um is regarded by Hollick and Jeffrey as certainly 
Araucarian. Wood of the Araucarian type is also found in associa- 
tion with the Protodammara scales and the Brackyphylhmi shoots. 
Considering the cone-scales by themselves, their position would 
seem to be next to Agathis though they differ in bearing three 
seeds in place of the single seed in the recent genus: the number 
of seeds borne on the larger scales such as D. borealis is not known. 
Protodaynmara affords an interesting illustration of the co-existerice 
of characters now characteristic of the Araucarineae . with others 
no longer exhibited by members of that family : assuming a con- 
nexion between Brachyphyllum macfooarpum and the cone-scales, 
the habit of the vegetative shoots furnishes a further illustration 
of a wider range in the morphological features of fossil Conifers 
allied to existing Araucarineae. 

^ See page 252. - Hollick and Jeffrey (09) B, p. 33. 


3 See page 322. 
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Fig. 734. Conites Juddi. A,for7m y ; ah, space wliere a section was cut ; -s, seed, 
B, forma a; s, spaces, probably resin-canals, filled with crystalline materials 
and simulating seeds. G, forma aft, ridge. 


Seward an 

This name was given to partially petrified cones of Upper 
Jurassic age collected by Hugh Miller on the North-east coast of 
Scotland^: the fossils though differing in size and to some extent 
in form are included under one specific term but distinguished as 


forma a, fyy, md S (fig. 734). The type-specimens are in the 
Koyal Scottish Museum, Edinburgh. Spirally disposed thick 
scales are attached by a comparatively narrow base to a thick 
axis and the individual scales agree closely in shape with those 
described as horeaZia and with smaller forms referred 

^ Seward and Bancroft (13) p. 873, PI. i. figs. 9—12; PI. n. figs. 14—21. 
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by Hollick and Jefirey to Pmtodammara. The parenchymatous 
tissue of the cone-scales contains several thick- walled idioblasts 
and the resin-canals and spaces form a conspicuous feature. A 
series of vascular bundles runs radially through the scale, but no 
evidence has been obtained of the occurrence of a double set of 
vascular strands like those in Protodammam. The seeds — the 
number of which, whether one or more, cannot be determined- 
lie in a depression near the proximal end of the scales and there 


Fig. 735. Gonites Juddi^ forma a; cone-scale in median section; Z, ligule; 5 , 
(?) resinous material; vascular bundles. (x6.) 


is a ligule on the abaxial side of the seed or seeds (fig. 736, B, 1). 
The uppermost scales on the two cones shown in fig. 734, B and C, 
illustrate the striking similarity to such detached scales as those 
of Dammarites borealis : the raised patches, s, $, simulating seeds, 
are formed by a crystalline substance filling cavities in the scales 
and probably corresponding to the resin-ducts which form a charac- 
teristic feature in the scales oi Dmmnarites and Protodammara. 
A cone scale from the specimen represented in fig. 734, B shows 




a seed was originally situated. The cones shown in fig. 7M, B, C, 
have lost th§r seeds and indicate a persistent habit in contrast 
to the cones oi Agathis and, presumably, the cones which possessed 
scales like Danwuintes borealis. The cone seen in fig. 734, A, is 
probably younger; the scales are more crow^ded and in one of 
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in longitudinal section (fig. 735) a large cavity in the lower part of 
the scale containing at each end a dark patch of some secreted 
substance s; above this is a vascular strand vb, extending into 
the distal end of the scale near which is a ligular outgrowth I, and 
below this is a depression on the upper face of the scale in which 


Fig. 736. Oonites Juddi, forma S* A, Longitudinal section of cone; x, xylem, 
r/, seed, e,/, cone-scales. B, Scale in longitudinal section ; c, vascular bundle ; 
a, periderm; 6, palisade-tissue; Z, ligule; seed, (After Seward and Bancroft.) 
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them is the cast of a seed, s. One of the scales, 1-7 cm. long, of this 
cone is represented in section in fig. 736, B: a vascxilar bundle, c, 
runs through the length of the tissues towards the blunt spinous 
distal end above which is a prominent hump and next to this a 
ligule, ?, close to the depression in which the seed, s, was situated. 
Below the vascular bundle, c, a band of periderm surrounds a 
central area of decayed tissue, a, a. Next the lower surface at 
b are a few layers of palisade cells, a characteristic feature. The 
specimen shown in section in fig. 736, A, is described slb forma S: 
the secondary xylem, x, of the axis is not sufficiently well pre- 
served to throw any light on the nature of the tracheal pitting. 
The large (white) cavities at first sight suggesting seeds near the 
axis are bounded by periderm and correspond to the partially 
destroyed tissue in fig. 736, B : a delicate structure, the nature of 
which could not be determined, occurs in the cavity d, fig. 736, A. 
In the scale e several smaller cavities are seen near the upper face 
above the vascular strands and below the latter is a larger cavity ; 
similar cavities are shown in the scale / (fig. 736, A). 

Cones similar to Conites Juddi are described by Velenovsky^ 
as Fribia nobilis and Sequoia fastigiata, both from Lower Cretaceous 
strata, but it is impossible to say whether the resemblance has any 
significance. In several anatomical characters the scales of 
Conites Juddi resemble those of Protodammara described by Hollick 
and Jeffrey from Kreischerville. The only indication of pits on 
the xylem tracheids in the Scottish cones was seen in the scale 
shown in fig. 736, B : the pits are for the most part uniseriate but 
occasionally contiguous though generally not actually in contact. 
Large idioblasts and resin-cavities occur in both the Scottish and 
American cones, but in the former the occurrence of a ligule is a 
distinguishing feature in which they agree with cone-scales of 
recent Araucarias. In Afaucaria seeds are embedded in the 
substance of the scales while in the fossil species they are situated 
in a depression on the upper face, a feature in which Conites Juddi 
agrees more closely with the cones of In the sporophylls 

of Conites Juddi, which, anatomically are close to those of recent 
Araucarineae, characters occur which are now shared between 
Araucaria and The apparently small size of the seeds 

1 Velenovsky (85) B. PL m. fig. 6; PL viii. fig. 13. 
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and tlieir relation to the lignlar outgrowth, as well as the occurrence 
of separate bordered pits on the tracheids suggest comparison 
with the recent genus Cunninghamia^ though the structure of the 
scales is more akin to that of Araucarian sporophylls. The com- 
bination of features which are now distributed among different 
genera is to be expected in extinct types belonging to evolutionary 
stages anterior to the divergence of characters along independent 
lines. The main conclusion is that the affinities are Araucarian 
though the morphological characters are such as to indicate a com- 
bination of features no longer found in a single genus. 

Cones exhibiting a close resemhlance to those 0 / Araucaria. 
ARAUCARITES. PresL 
Aramantes sphaerocarpus Carruthers. 

This species (fig. 737), from Inferior Oolite rocks at Bruton, 
Somersetshire^ aSords a good example of a large Araucarian cone 
13 cm. in diameter very similar in form to some recent species 
(cf. fig. 680 and fig. 681). The rhomboidal scales, 2 cm. broad at 
the distal end, are laterally winged as in Araucaria CooJcii (fig. 638, 
A) and bear a single seed embedded in the middle of the upper 
surface: on the exposed distal ends is a transverse groove and on 
some of the more complete examples a short rounded umbo is 
seen below the groove; in some scales a transverse row of pits 
marks the position of vascular bundles just below the transverse 
depression. 

Araucarites ooUticus (Carruthers). 

This species was originally described by Carruthers as Kaida- 
carpimv ooliticum’^ horn the Great Oolite of Northamptonshire and 
regarded as an inflorescence of some Pandanaceous plant. Zigno^ 
transferred it to Pandanocarpum, An examination of the type- 
specimen in the Northampton Museum led me to refer the cone to 
Araucarites^. The type-specimen (fig. 738) is a portion of a cone 
9 cm. long consisting of a stout central axis covered with spirally 
disposed deep pits bounded by a crystalline reticulum ; the pits 

^ Carruthers (66) PI. XI.; Seward (04) B. p. 131; (IP*) p. 116, %. 18. 

- Carruthers (68) p. 156, PI. ix. 3 Zisno (85) p. 3. 

^ Seward (962) p. 216; (04) B. p. 135. t ' 




Fig. 737. Armtcarites .spJiaeTocaTpiis. (British Museum, 41,036; | nat. size.) 


Fig. 738. AraucarUes ooUticm. (After Carriithers; | nat. size.) 
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being cavities in the proximal portion of the scales in which the 
seeds were embedded. Numerous imbricate scales are attached 
laterally to the central region and partially hidden in the matrix. 
The scales are approximately 1-7 cm. broad and slightly winged. 
The single seed on each scale, the general form of the cone, the shape 
of the individual scales, and the occurrence of sterile scales at the 
base of the axis are features in which the fossil is practically 
identical with recent forms. Fig. 739 shows a piece of a smaller 


Fig. 739. Amucarites ooUtims. A, Scale in surface-view showing the projecting 
end of a seed. B, Scale seen from the proximal end showing the seed-cavity. 
C, part of cone, (Northampton Museum; nat. size.) 

cone (in the Northampton Museum), of the same type ; this specimen 
shows the appearance of the scales in end-view (C), in surface- view 
(A), and as seen from the proximal end with the seed-cavity (B). 
In fig. 739, A, the base of a seed is seen projecting from the middle 
of the laterally expanded scale. An oblong- ovate cone described 
by Carruthers^ from the Coralline Oolite at Malton, Yorkshire, as 
Araucarites Hudkstoni is probably another example of this species : 
in one of the specimens of A. Hudlestoni in the York Museum a 
broad central region is occupied by a mass of pisolite to which 
numerous cone-scales are attached. The scales are shown in 
section and in several of them there is a single seed lying in a cavity 
occupying the proximal end of the scale precisely as in A. ooliticus. 
It is possible that A, ooliticus is specifically identical with sphae- 
Tocarpiis; it is at least a closely allied type. 

The specimen figured by Lindley and Hutton^ as 
BucUandi appears to be indistinguishable from A. ooliticus. 
Similar cones are illustrated hj Amumrites Cleminshavn Mansell- 

^ CaiTuthers (77); Seward (04) B. p. 133, 

2 Lindley arui Hutton (34) A. BL gxxtx. 
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PleydelF from the Inferior Oolite of Dorsetshire/ 4. 

(Carr.)^, originally referred to CycadeostTohiis, and other species. 

Araumrites fiffingfofdensis (Ung.)^ is a Wealden species first 
described by Fitton and named by Unger ZamiosU'ohxis g^iffing- 
fordensis hut recognised by Carruthers as a cone closely allied to yl. 
sfhaerocarfus. Detached scales which may belong to this species 
have recently been figured from the Wealden beds on the Sussex 
coast. The cone described as Araiicarites {Conites) sp. from the 
same locality is possibly identical with A. fiffingfordensis. 

Araiwarites Brodiei Carruthers, 


The specimens from the Stonesfield slate^ on which this species 
was founded are rather larger than the scales of A. Phillifsi : the 
scale shown in fig, 740, 4, is 3 cm. long and 1*7 cm. broad ; a raised 
edge just beyond the single seed no doubt corresponds to the so- 
called ligule on an Araucarian scale and the distal spinous process 
is another feature shared with recent types. 

Araucarites {8 arcostrobus) Paulini (Fliche). 

A specimen described by Fliche^ from Lower Cretaceous rocks 
in the Haute-Marne, France, is made the type of a new genus 
Sarcostfobus on the ground that the seeds are not so completely 
covered by the tissues of the scales as in recent Araucarias. The 
elliptical cone is 5*5 cm. long and 3-8 cm. in diameter; in form, 
in the stout axis, and in the shape of the single-seeded cone-scales 
it closely resembles the megastrobili of Amucaria excelsa and 
Jurassic species such as Araucarites ooliticus (Csm,) (fig. 738): 
the small seeds are sunk in a cavity at the proximal end of the 
scale, but Fliche states that they are not covered on their upper 
side by the substance of the scale. He is no doubt correct in 
assigning the cone to the Araucarineae, but the slight differences 
between the relation of seeds to scales referred to by Fliche do not 
appear to be sufficiently important to justify the creation of a 
distinctive generic name ; moreover the preseivation of the speci- 
mens renders accurate description of details very difficult. 

^ ManseU-Pleydell (85). 

- Carruthers (67^) p. 105; Seward (04) B. p. 138. \ 

® Seward (13) p. 104. 

^ Carruthers (69-) p. 3, PL v. figs. 1—6; Seward (04) B. p. 137, PL m. fig. 5; 
PL xii. fig. 2. ® Pliche (00) p. 11, PL i. 
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Armicarites lies fern Wieland. This type is described by Wie- 
land^ from a specimen obtained from Upper Cretaceous rocks in 
South Dakota consisting of half an eroded cone bearing scales 
with small seeds. Wieland’s description, though brief and lacking 
details, and the photograph support his conclusion as to the 
Araucarian affinity of the specimen. 

The generic name Doliostrobus was instituted by Marion^ for 
specimens of foliage-shoots from Oligocene beds in the South of 
France agreeing with Amucarites Sternbergii, on the ground that 
the reproductive organs exhibit features more like those charac- 
teristic of Agathis than Laurent^ refers a small piece 

of a foliage-shoot from the Aquitanian beds in the Puy-de-D6me to 
Doliostfobiis Sternbergii, though there is no information with regard 
to the cones. Gardner^ describes branches from the Bembridge 
marls in the Isle of Wight as Doliostrobus Sternbergii (Goepp.) and 
accepts Marion’s conclusion as to the intermediate character of the 
genus the foliage-shoots, though rather more slender than those 
from Bournemouth referred by him to Araucaria Goefperti, are 
exactly similar in habit and cannot be distinguished by any feature 
of importance. Gardner reproduces a drawing communicated by 
Marion of a foliage-shoot bearing a terminal cone-axis from which 
the scales have fallen, also several detached cone-scales, agreeing 
closely in size and shape with scales of Araucaria excelsa and other 
recent species, and an impression described .as a seed with a 
lateral wing. The supposed seed has, however, a terminal wing 
and moreover it is as large as the detached scales : it is permissible 
to suggest that it may be an imperfectly preserved cone-scale, 
but without examining the actual specimen any definite assertion 
would be hazardous. Gardner states that a reason for comparing 
the scales with those of an Araucaria is that in Agathis the scales 
are persistent, but as pointed out elsewhere^ cones of Agathis 
very readily fall to pieces and the scales easily become detached 
from the axis. Having regard to the nature of the sterile shoots, 
the form of the cone, as shown in a drawing published by Gardner 
of a specimen sent to him by Ettingshausen from Haring, and an 

^ Wieland (08^) p. 4, fig. 1. 

2 Marion (84). ® Laurent (12) PI. v. fig. 7. 

4 Gardner (86) p. 93, Pis. xxm, xxni. « Seward and Ford (06) B. p. 359. 
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unconvincing specimen of a winged seed figured from Marion's 
drawing, there w^ould seem to be no valid reason for drawing a 
distinction betw'een DoUostrobiis and Araucarites or for regarding 
Marion's and Gardner's fossils as intermediate betw’^een Mrat/OT/TO- 
mid Agaihis. Attention has been called on a previous page ^ to 
the danger of placing too much confidence in the resemblance of 
foliage-shoots of fossil specimens to those of recent types, but in 
this case the presence of cones and scales like those of Araucafia 
supplies confirmatory evidence. 

Fseudo-Araucana, Fhche. 

The generic name Pseudo- Araucaria was given by Fliche^ to 
several cones from the Lower Cretaceous beds of the Argonne 
which he described under three specific names, Pseudo- Ammaria 
Loffinetti, P. major ^ P. Lamherti. Externally they are similar 
to those of some recent Araucarias and in shape agree with cones 
of Cedrus : a stout axis bears deciduous scales with two seeds, the 
seeds of each pair being separated from one another by a median 
ridge of the cone-scale which covers them laterally. The seeds 
appear to bear a relation to the scale similar to that between the 
single seed and the cone-scale of an Araucaria. The cone-scales 
are slightly expanded laterally as in the Eutacta section of the 
recent genus. Fliche’s descriptions are unfortunately inadequately 
illustrated and it is difiicult to obtain a very clear impression of 
the structural features. The most interesting peculiarity of these 
cones is the occurrence of two seeds in each cone-scale agreeing 
in their position on the sporophyll with the single seed of Araucaria : 
the author of the genus regards it as a type intermediate between 
the Abietineae and the Araucarineae. 

Araucarian cone-scales. 

The question of the lower geological limit of cones or cone- 
scales of the Araucarian type is one which cannot be settled with 
any certainty : there are many examples of vegetative organs 
very similar in habit to Araucaria excelsa and allied species recorded 
from Triassic, Permian, and to a less extent from Upper Carboni- 
ferous strata, also others which agree in the broader form of the 

^ See page 162. 

2 Fliche (96) p. 70, PL vi. figs, 3-— 5; PL vn. figs, 1, 2. 
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leaves witli Afctucxwia Bidwilli and A. imbriccitd i but tlje majority 
of tliese slioots are referred to sucli genera as Voltzid^ Wdlchicty 
Albertia, and JJUmannia, It is pointed out in the description of 
these genera that there are reasons for believing them to have 
Araucaiian affinities, though there is no definite evidence that any 
of them bore cones exhibiting the same order of resemblance to 
those of recent Araucarineae as is the case with Jurassic and 
Cretaceous types. 

Arauca/rites Delafondi Zeiller. 

One of the very few Palaeozoic species of seed-bearing scales 
that can reasonably be referred to the genus Armicdrites is 
A, Bela/ondi foimded by Zeiller^ on some detached scales from 
Permian beds at Charmoy; the scales are broadly triangular 
10—12 mm. long and 8 — 10 mm. broad, the base is cuneate and 
truncate, the apical margin is rounded and has a small median 
depression instead of the usual spine. In the middle of the scale 
is a shallow depression which contained a single seed 8— 10 mm. 
long and 2 mm. broad. As Zeiller says, there is no absolute 
certainty as to the affinity of this species but the scales are un- 
questionably very similar to those of Mesozoic and recent species 
of Araucarites and Amucaria. It is suggested that the vegetative 
shoots of UUmannia fnmientana (fig. 750) from the same beds may 
belong to the plant which bore cones with scales of A, Delafondi. 

The occurrence of widely distributed Jurassic cone-scales,, 
bearing a single seed and agreeing very closely in their shape and 
size, as also in the laterally expanded borders and in many cases 
in the presence of a distal spinous process, with those of recent 
species of Araucaria especially those belonging to the section 
Eutactay bears striking testimony to the former extended geo- 
graphical distribution of Araucarian plants. It has been pointed 
out in a previous chapter that a single seed occasionally occurs on 
the seminiferous scales of recent Pine cones (fig. 686, B), but in the 
scales now under consideration the occurrence of a single seed is 
a constant feature and moreover the form of the scales is identical 
with that of such species m Aramaria exeelsa and A . Coohii, The 
number of names given to the fossil scales is but a rough index of 


1 Zeiller (06) B. p. 215, PI, l. fig. 1. 
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the niiiiiber of actual species : it is obviously impossible to decide 
with any assurance bow much value should be attached to dift’er- 
eiices in size or to slight variations in form, but the main point is 
that cones and cone-scales of the Araucarian type are among the 
most familiar Jurassic fossils. The following selected examples 
are chosen in illustration of this statement and reference to others 
will be found in some of the sources quoted in the footnotes. 

Armicarites Phillipsi Carruthers. 


Carruthers^ described this species from the Middle Jurassic 
rocks on the Yorkshire coast : the type-specimen is in the Leckenby 
collection in the Sedgwick Museum, Cambridge. The scales are 



Fig. 740. 1, AraucarUes Milleri (Upper Jurassic, Scotland); 2, A, Jeffreiji (Cre- 

taceous, N. America); '6, A. Roger si (Wealden, S. Africa); 4, 7, A, Brodiei 
(Middle Jurassic/ England) ; 5, A. Hdberlemii (Middle Jurassic, Germany); 

Araucarites sp. (Middle Jurassic, Australia); 8, A. cutchensis {MidAie 
Jurassic, India); 9, A. (Middle Jurassic, England). (Slightly 

reduced; 1, 3, 4, 6, 7, 9, after Seward; 2, after Berry; 5, after Thiselton- 
Dyer; 8 after Feistmantel.) 

cuneate, nearly as long as broad (fig. 740, 9), and in shape similar 
to those of the cone already described Armicarites ooUticus 
(Carr.). 

Examples of French Jurassic cone-scales are afforded by 
Araucarites Moreauam Sap.^, from Cor allian beds near St Mihiel 

^ Carruthers (69^) p. 6, PI. ii. figs. 7-— 9 ; Seward (00) B. p. 285, PI. x. fig. 4. 

2 Saporta (84) p. 425, Pis. GLXXxiy., CLXXXV. 
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and other localities, similar to those of A. Brodiei (S.g. 74:0, 4, 7) 
but reaching a length of 4-5 cm., kite-shaped and provided with a 
terminal spine; also Araucantes micro fliylla Sap.^ represented by 
foliage-shoots and cone-scales; the shoots bear linear-lanceolate 
leaves similar to those of Araucaria Bidwilli but smaller, and the 
scales are of the Eutacta type. Amucarites Falsani Sap.^ is founded 
on twigs similar to those of Araucaria excelsa and scales character- 
ised by stout terminal spines. Both Araucarites Falsani and A. 
micropJiylla are from Kimeridgian strata in Ain. 

German cone-scales hardly distinguishable from some of the 
British and Brench examples are described by Sir William Thisel- 
ton-Dyer^ from Solenhofen as Araucarites Hdberleinii (fig. 740, 5). 
Saif eld figures some detached scales from the Malm of South- 
West Germany as Araucaria 7 which are undoubtedly Araucarian 
cone-scales agreeing closely with A. Milleri from Scotland (fig. 
740,1). 

Araucarites Rogersi Seward. The scales of this species (fig. 
740, 3)^ from the Uitenhage (Wealden) series of Cape Colony reach 
a length of 3 cm. and the straight distal margin bears a median 
spine ; there is no indication of a ligule. A specimen in the British 
Museum collected by Atherstone and referred to by Tate® shows 
several scales still in their natural position. This type bears a 
striking resemblance to some of the Indian specimens described 
by Feistmantel and is similar to the North American Neocomian 
species A. wyomingensis Font. 

Araucarites macropterus Feistmantel and A, cutchensis Feist. 

Several examples of typical Araucarian cone-scales are figured 
by Feistmantel from Upper Gondwana rocks in India. The 
scales described as A. macropterus^ are distinguished by their 
large size; specimens from the Rajmahal series reach a breadth of 
5 cm. The scales of A. cutchensis^ recorded from the Cutch flora 
(fig. 740, 8) and elsewhere are smaller, but in some cases it is 

1 Saporta (84) p. 431, Pis. CLXXxvi., clxxxvil 
- p- 439, Pis. CL'xxxvL, GLXxxvn. 

^ Tliiselton-Byer (72), 

^ Seward (03) B. p. 37, PI. VI. figs. 4r— 7. 

Tate (67) p. 147. « Feistmantel (77^) p. 186, Pi. viir. figs. 9—12 

^ Ibid. (762) p. 62, Pis. vii.— ix., xn.; (82) PI. ni. 
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impossible to draw any sharp line between the two species; they 
agree very closely with both British and French Jurassic types. 

Amucarites cutchensis Feist, is recorded by Halle ^ from the 
Upper Jurassic flora of Graham Land. The scales exhibit a con- 
siderable range in size and shape and more than one type may be 
represented. They are always more or less cuneate and have a 
narrow truncate base ; some of them show broad lateral wing-like 
extensions: the distal end is nearly truncate and bears a nariow 
linear appendage. As Halle says, the scales closely resemble those 
of A. Brodiei Carr. 

Cone-scales from Jurassic rocks in Victoria^, Australia, de- 
scribed as Amucarites sp., A and B, demonstrate the occurrence of 
cones with scales almost identical with A, PMlUpsi and other 
European forms. There is a comparative scarcity of Aiaucarian 
cone-scales in Jurassic and Cretaceous strata in North America but 
some examples are recorded, Araucarites wyomingensis Font.^ from 
the Lower Cretaceous of the Black Hills is represented by broadly 
cuneate scales 1*2 cm. long and wdth a maximum breadth of 9 mm. 
and a broad beak at the apex bearing seeds 4 — 5 mm. long. 
Larger cone-scales are described by Berry^ from Middle Cretaceous 
rocks in North Carolina b,s> Araucarites Jeffreyi (fig. 740, 2). These 
scales are associated with the foliage-shoots referred to Araucarites 
bladensis and the two may belong to one plant. The same author 
also figures a specimen from the Upper Potomac series as Arau- 
earites patapscoensis^ fiom Yinginm. 

Foliage-shoots. 

There are numerous examples of foliage-shoots among Mesozoic, 
and to a less extent Palaeozoic, strata which bear a striking resem- 
blance to branches of recent species of Araucaria, especially 
specieB oi the Eutacta section, but in many cases confirmatory 
evidence such as would be afforded by reproductive shoots is 
lacking. The practice adopted by some authors of referring 

1 Halle (132) p. 72, PI. vm. figs. 3— 10. 

2 Seward (042) B. p. 181, figs. 42, 43. 

2 Fontaine in Ward (99) B. p. 669, Pi.’CLXiir. figs. 1 — 9. 

4 Berry (08) p. 258, Pi. XVI. ; (14) p. 20. 

^ Ibid. (11) p. 399, PI. Lxxvii. fig. 5. 
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impressions of vegetative branches to the g^mx^ Araucantes solely 
OB the ground of similarity in habit and leaf -form to the recent 
genus is not in accordance with sound principles, though in some 
iiistanees the implied relationship may be a reality. Pending 
more satisfactory evidence many of the sterile Amucana-Yik% 
shoots are referred to PagiofhyUum, while branches of similar 
habit bearing oval cones are included in the genus Elatides. 

An example of a Palaeozoic fossil which has been assigned to 
Araiwarites on slender grounds is afiorded hj Araucarites Oldhami 
Zeiller, 

Araiicarites Oldhami Zdlhx. ■ 

The specimen from the Lower Gondwana rocks in India to 
which this name is applied^ consists of an axis bearing spirally 
disposed lanceolate-acuminate leaves reaching 4-b cm. in length, 
slightly contracted at the base and longitudinally striated : 
portions of the axis show rhomboidal and feebly convex areas 
separated by narrow scars where the laminae have been broken off. 
As Zeiller says, the resemblance of the shoot to a branch of Arav- 
earia imbricata is very close, but considering the age of the beds 
and the absence of any Araucarian cone-scales from rocks at this 
horizon in India it is questionable whether it is wise to adopt 
the name Araucarites. It is not unlikely that a small specimen 
figured by FeistmanteP from the Karharbari coal-field as possibly 
a Fern rhizome is a portion of a leafless axis of Zeiller’s species. 

Araucarites Hollick. 

This species from Cretaceous strata in New Jersey® is founded 
on fragments of sterile branches bearing elliptical-ovate leaves 
resembling the foliage of Araucaria imbricata and the fossil species 
Araucarites Nathorsti Dus. A very similar type is represented by 
Araucarites Uadenensis, deBciiheA by Berry^ Araucaria bladen- 
ensis, from the Upper Cretaceous rocks of Carolina and Alabama : 
the leaves are decurrent, ovate-lanceolate, about 1*6 by 0*8 cm. 
with a cuspidate apex and rounded base ; there are 14-— 16 parallel 

^ Zeiller (02) B. p. 36, PL vn. fig, 6. ® Feistmantel (79^) PL xiii. fig. 6, 

« Homck(97) p. 12S, PL xii. figs. 3«,4. 

^ Berry (08) p. 255, Pis. xn.--xxv. ,* (14) pp. 19, 105, PL in. figs. 6, 7; PL xix. 
figs. I, 2. . . 
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veins and imperfectly preserved stomata occur in rows on the 
lower surface. Berry compares the species with Araucaria Ton- 
casi figured by Saporta^ from Turonian rocks in the South of 
France. Another species founded on a sterile shoot is Amucarites 
HatcJieri described by Wieland^ from Upper Cretaceous rocks in 
Wyoming. 

These and other examples that might be quoted, though re- 
ferred to the Araucarineae on evidence that cannot be considered 
conclusive, are probably correctly determined ; the comparison 
with Amucaria Bidwilli and A. imbricata suggested by the striking 
resemblance of the leaves is supported by the occurrence of Arau- 
carian cone-scales in some of the localities. 

Araucarites Sternbergii Goeppert. . j 

This species was founded on sterile branches, from the rich 
Eocene flora of Haring in the TyroP, practically identical in habit 
with foliage-shoots of Araucaria excelsa and other recent species. 

From the same locality Goeppert^ figured an imperfectly pre- 
served cone approximately 6 cm. long and 3 cm. in diameter 
characterised by imbricate, spirally disposed scales with reflexed 
apices which he compares to a male cone of Araucaria imbricata j' 

incorrectly spoken of as A, excelsa: Goeppert suggests the possible | 

specific identity oh A, Sternbergii and A, Goefferti Sternb. ; the 
latter species was founded by Sternberg^ on a Tertiary cone from 
Haring in the Tyrol. Ettingshausen® subsequently figured 
several good examples of vegetative shoots of this type from 
Haring and described a subglobose cone, figured by Gardner"^, 
which he refers to the same species: this author also records 
A. Sternbergii from Bilin in Bohemia^, but under the generic ; 

name Sequoia: in his account of the occurrence of the species 
in Carinthia® he adopts the designation Araucarites, Ettings- 
hausen figures a single cone-scale from Eocene beds in Styria as 
Araucarites schoeneggensis^^ and compares it to the scales of 

^ Saporta (79) A. p. 198, Rl. xxvn., 2. ^ (GS^) p, 6, fig. 2. 

® Goeppert (50) p. 236, PI. XLIT. fig. 1. 

* Ibid, PI. XLiv. fig. 2. ® Sternberg (38) A. PL xxxix. fig, 4. 

® Ettingshausen (55) p. 36, Pis. vn., vni. ^ Gardner (86) p. 96. ; 

** Ettingshausen (67-) p. 116, PL xni. figs. 3—8. | 

® Ibid, (85).- Ibid. (90) PL t. fig. 93. | 
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A. Sternber^ii Th^ latter species is recorded also by Massalongo-^ 
from Eocene rocks in Italy and on imperfect evidence by Heer^ 
from Switzerland. Gardner^ describes several good specimens of 
vegetative shoots from the Eocene flora of Bournemouth which 
he names Araucarites Goepperti Sternb. though the specific name 
Sternbergii would be more appropriate ^ 
as that designation was first applied 
to similar branches from Haring and 
AAGoepperti was founded on a de- 
tached cone. Two small pieces of 
larger specimens in the British Mu- 
seum from Bournemouth are repre- 
sented in fig. 741 in illustration of the 
very close resemblance of the leaves 
to those of recent species. Gardner 
draws attention to the similarity of 
some of the fossil examples to deci- 
duous shoots of Araucaria Cunning- 
Jiamii : with reference to the absence 
of cones or cone-scales he quotes the Eig. 741. Armicantes Sternbergii. 
fact, communicated to him by an (British Museum, V, 523 ; nat. 
observer in Madeira, that the foliage 

of A. CunningJiaynii requires two or three days to sink while 
mature seeds do not begin to sink before the fifth or sixth day, 
so that in moving water shoots and seeds would necessarily be 
deposited separately. 

Some of the fragments of branches described by Gardner as 
Aihroiaxis (?) suhulata^ mtij ’helongto Araucarites, It must 
be admitted that in the case of the English specimens, as in many 
others, the use of the generic name Araucarites is based on the 
evidence of vegetative branches only, but Gardner correctly states 
that in the shoots of similar habit referred to Cryptomeria the 
leaves are straighter, and moreover the presence on some of the 
shoots of the latter of persistent cones like those of Cryptomeria 
japonica constitutes a clear distinction. Having regard to the 
very striking resemblance of the widely spread Tertiary specimens 



^ Massaiongo (59) Pis. V.— vn. 

® Gardner (86) p, 55, PI. xi, fig, 1; PI. xn. 


Heer (55) A. PL xxi. fig. 5. 
lUd. PL XI. ■ 
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iiicliided in Aran ca rites Sternbergii or A. Ooepperti to those oi 
^4/ other species the probability of generic 
identity is such as to justify the retention of the designation 

Araucm‘ites. . . 

Ettingshausen^ described this species as Araucaria Haastii 
from beds at Shag Point, New Zealand, believed to be of Eocene 
age ; it is represented by sterile branches bearing crowded ovate- 
lanceolate, acuminate, leaves apparently of leathery texture 
reaching a length of 5 cm. and 2 cm. or less in breadth. As 
Ettingshausen says, they agree very closely with the leaves of 
Araucaria imbricata but like those of A, Nathorsti Dus. they have 
a less spinous apex than in the recent species. Some petrified 
wood from Malvern Hills in New Zealand is referred by Ettings- 
hausen to the same species but without any evidence of con- 
nexion between the wood and the foliage-shoots. The same 
author describes a branch similar in habit to Araucaria excelsa^ 
from Shag Point, as Araucaria Dami^, but the specimen is too 
imperfect to warrant the use of the designation Araucarites. 

Araucarites Nathorsti (Dusen). 

This species, described as Araucaria Nathorsti, is recorded by 
Dusen^ from Punta Arenas on the Magellan Straits : the age of the 
beds is believed to be Oligocene though the precise horizon has 
not been determined. The material consists of fragments of 
foliage-shoots bearing short and relatively broad leaves of leathery 
texture, varying from linear to ovate; they agree closely with the 
leaves of Araucaria imbricata, differing chiefly, as Dusen states, 
in their blunter apices. 

Araximr%tesimforiensiJ)nsen). 

Nathorst^ first suggested a reference to Araucaria of the single 
leaf on which this species was founded^: it was collected in a 
marine volcanic tuff in Seymour Island and is probably of Lower 
Tertiary age. The leaf is linear, 6 cm. long, and tapers gradually 
towards an incomplete apex ; it agrees in form and size with 

^ Ettingshausen (87) p. 154, PL li. ^ Ihid. p. 155, PL i. fig. 18. 

3 Dusen (99) p. 105, PL xii. ^ Nathorst (04^) B. 

« Dusen (08) p. 11, PL i. figs. 16, 17. 
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leaves of Bid/wiM and A. hrasiliensis, but the single iinpression 
is hardly sufficient to demonstrate the existence of Afaucarites 
'in this southern flora (lat. 64 ° 16 ' S.). On the other hand the 
occurrence of wood of the Araucarian type^ in Seymour Island 
ill beds that are either Lower Tertiary or Upper Cretaceous 
supports the conclusion of Nathorst and Dusen. 

BLATIDES. Heer. 

Heer^ proposed this name^ for some Jurassic Coniferous 
remains from Siberia characterised by spirally disposed falcate 
leaves (figs. 742 , 743 ) and cones similar externally to those of 
Picea, Abies and other Abietineae. The genus is based primarily 
on the form of the cones and cone-scales. In the new genus 
were included three species, E, ovalis, represented by oval cones 
2‘7 cm, long and 6 — 7 mm. broad, E, Brandtiana characterised by 
cylindrical cones, and E. falcata founded on vegetative branches 
very similar to those of E, Williamsonis. Nathorst^ has included 
these three species in Elatides curvifolia (Dunk.) a Wealden 
species abundantly represented in the plant-beds of Spitzbergen 
(fig. 743 ). In the absence of cones it is impossible to draw any 
satisfactory distinction between foliage-shoots belonging to Elatides 
and those referred by authors to Sequoia, Pagiofliyllum, and other 
genera. It is therefore only in cases where cones are present 
that the designation Elatides is admissible. The vegetative 
characters of Elatides are those of Araucana Cunningharnii, A. 
excelsa, and allied species while the cones consist of flat imbricate 
scales with narrower and more or less pointed or spinous distal 
ends. There is some reason to believe that the cone-scales were 
monospermic but the evidence is not conclusive and rests on a 
single species. The data are insufficient to fix definitely the posi- 
tion of the genus, though it is in all probability a member of the 
Araucarineae. Elatides h characteristic of Ehaetic, Jurassic, and 
Wealden floras. 

Elatides Stef nhergiiXSil^Bon). 

A Rhaetic species originally described by Nilsson from Ehaetic 
rocks in the South of m Abies Sternbe subsequently 

1 Gotlmn (08). , a geer (77) it pp, 77— 79, PI. Xiv. » iUrri, Pir. 

^ Nathorst (97) pp. 35, 58, Pis. i.., n., iv., yi. 
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included by Nathorst^ in PaUssya but afterwards recog- 

nised by him as a distinct species^ and recently transferred to 
Elatides^. An examination of specimens in the Stockholm 
Museum leads me to agree with the substitution of the designation 
Elatides, Nathorst has also pointed out that some of the cones 
from the Ehaetic of Franconia referred by Schenk^ to PaUssya 
Braunii are of the Elatides type and distinct from cones of Palis- 
sya which are characterised by their more open habit and by 
other more important morphological features. Elatides Sternbefgii, 
though similar in the habit of the vegetative shoots to E. William- 
sonis from Jurassic strata, differs in the narrower and straighter 
leaves which may reach a length of 2 — 3 cm. and are either straight 
or slightly curved in contrast to the stouter and strongly falcate 
leaves of E, WilUaimonis and E. curvifolia, A cone figured by 
Nathorst® is practically identical in external form wfith one of 
E. Williamsonis illustrated in volume i. of the JiirassiG Flora of the 
Yorkshire Coast^, We have no knowledge of the structure of the 
reproductive shoots and no evidence other than the habit of the 
foliage-shoots with regard to systematic position : it is, however, 
probable that this Ehaetic species is closely allied to the later 
Jurassic and Wealden types. 

Elatides Williamsonis (Brongniart). 

This Jurassic species described by Brongniart as Lycopodites 
Williamsonis, was figured by Phillips^ as L, uncifolius and by 
Bindley and Hutton® under Brongniart’ s name. The specimens 
figured by the English authors are in the York and Manchester 
Museums respectively. Schimper transferred the species to Pachy- 
phyllum and it has usually been assigned to that genus or to 
Pagiophyllum^^, the name substituted by Heer for Pomel’s Pachy- 
phyllum, a designation now reserved for sterile shoots and there- 
fore inapplicable to the present species which possesses cones 
of the Elatides type. The vegetative shoots are nionopodially 

^ Nathorst (78^) B. p. 28, PI. IV. figs. 1 — ^3. 

2 xbid, (86) p. 107, PI. sxiii. figs. 8—12; Pis. xxiv., xxv. 

3 {97)p 34; (08). 

^ Schenk (67) A. PI. xli. fig. 7. See also Solms-Laubacli (91) A. p. 73. 

^ Nathorst (86), PI. xxv. fig. 8w ® Seward (00) B. PL x. fig. 3. 

^ Brongniart (28) A. p. 83. t pjiipjpg (29) A. PL viii. fig. 3 

® Bindley and Hutton (33) A. PL xciii. Seward (00) B. p. 291. 
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branched, the smaller branches being given off at an acute angle ; 
the leaves are crowded, fleshy, tetragonal and falcate (fig. 742), 
agreeing closely with the foliage of the Eutacta species of Araucaria 
and with Cryftonieria. The megastrobili are cylindrical, approxi- 
mately 6 cm. long and 2 cm. in diameter, bearing imbricate, flat, 
scales with narrow pointed distal ends resembling the free portion 



Fig. 742. JElatides Williamsonis, (British Museum ; nat. size.) 

of the foliage-leaves. No specimens have been described showing 
seeds attached to the scales. The more slender microstrobili, 
2 cm. long, bear sporophjlls at right angles to the axis with tri- 
angular upturned distal ends characterised by a median keel. In 
the vegetative shoots this species closely resembles the Liassic 
Pagiophyllum ^eregrinum^ (fig. 744) (Lind, and Hutt.), but in the 

^ See page 276, 
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absence of cones tbe latter species is retained in Pagiophyllmn. 
From tbe Wealdeii species E. ciirvifoUa^ E, Williamsonis differs in 
its stouter and more crowded leaves tbough. tie differences are 
slight both in the cones and vegetative shoots. In all probability 
this species is represented in several Jurassic floras, but unless 
cones are present specimens should be referred to PagiophyllimL 

Elatides curmfolia (Dunker). 

Dunker^ first described this Wealden type (fig. 743) from North 
Germany as Lycopodites and it was referred by Ettingshausen^ to 
Afaucarites, the generic name, though probably correctly express- 



Fig. 743. Elafddes curvifoUa. (After Natliorst; nat. size.) 


ing the position of the fossil Conifer, being used without adequate 
reasons. The identity of the cones discovered by Nathorst^ in 
the Wealden or Upper Jurassic beds of Spitzbergen with those on 
which Heer founded the genus Elatides led to the adoption of that 
generic term. Nathorst’s discovery of several fertile branches 
justifies his reference of Heer’s specimens from Spitzbergen 
described as Sequoia Reichenbachii^ to Elatides cuwifolia, m 
the employment of DunkeFs specific term for Elatides ovalis s/nd 
E, Brandtiana Heer. The cones of E, curvifolia are cylindrical or 
oval and it is suggested by Nathorst that these forms might be 
regarded as varieties, the oval form being spoken of as var. ovalis 

^ Bunker (46) A. p. 20, PI. vn. fig. 9. 

2 Ettingskausen (52) PI, n. 

3 Nathorst (97) pp. 35, 58, Pis. i., n., iv., vi. 

Heer (75) ii. PI. xxxvi. figs. 1 — 8 ; PI. xxxvii. figs. 1, 2. 
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after Heer’s specific name and tlie cylindrical cones being distin- 
guisbed as var. Brandtiana, but it is doubtful whether the retention 
of these varietal names is advisable. The cone-scales have pointed 
apices and agree closely with those of E, Williamsonis. On a 
specimen of a cone of this species from Kimeridge strata in 
Scotland^ one scale afforded evidence of the occurrence of a single 
seed as in Araucaria, Nathorst regards some smaller cones on a 
branch from Spitsbergen as microstrobili and suggests that longi- 
tudinal striae on the sporophylls may represent long microspor- 
angia like those of Araucaria ; but the preservation is too imperfect 
to demonstrate the nature of the specimen. The vegetative 
branches bear falcate leaves rather more slender and as a rule less 
crowded than in Williamsonis: on older branches from which 
the free part of the lamina has fallen there are leaf-bases or in some 
cases an oval leaf-scar. This type is characteristic of Wealden 
strata in Spitzbergen, North Germany, and other European 
localities; it is no doubt represented by some of the impressions 
of branches assigned to Sphenolepidium Sternbergianum^ ; it is 
also recorded from Kimeridgian strata in the North of Scotland. 

PAGIOPHYLLUM. Heer. 

Heer^ instituted this genus in place of Pachyfhylhm, previously 
adopted by Pomel^ for a section of his genus Moreauia, on the 
ground that the latter name had been applied to a member of the 
Orchidaceae. Some of the species referred to Pagiofliyllum have 
also been included in Araucarites and BracJiyphyllum. Tuzson^ 
instituted a new genus Pagiofhyllites for petrified Mesozoic wood 
having Araucarian features, the type-species being P. Jceuperianus 
(Goepp.), but no evidence is furnished in support of a connexion 
of this wood with foliage-shoots of Pagiophyllum. Schimper and 
Saporta include in their diagnosis of the genus both vegetative 
and reproductive shoots and consider Pagiofhyllum to be allied 
to AgaihiSy Ounninghamia, and Araucaria, Certain species have 
in recent years been transferred to Elatides because of the occur- 
rence of cones conforming to Heer’s genus. 

It has been suggested^ that Pagiofhyllum may most conveni- 

1 Seward (IP) p. 684, fig. 10. ^ lUd. (95) A. p. 205; (IP) p. 685. 

3 Heer (81) p. 11. « PoiBel(49) p. 352. 

" Tuzson (00) p. 30. . ® Seward (12) p. 41, 
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ently be reserved for vegetative branches of Conifers (fig. 744) 
possessing foliage like that of Araucaria excelsa and allied species, 
which in the absence of cones cannot safely be referred to Elaticles 
or other genera ‘based, in part at least, on strobilar characters. 
Pagiofliylkmi is essentially an artificial genus : as Solnis-Laubach 
says, Mt is only in accordance with old custom to distinguish the 
Ullmanniae of the Zechstein from Pagiofliylhim^-,^ and it is equally 
difficult to draw any clearly defined line between this genus and 
some forms included by authors in Bracliy'pliyUum, A Triassic 
species from Raibl originally referred to Voltzia hetero^hylla^ 
afterwards named F, Foettleri by Stur^ Pagiophyllum Sandhergi 
by Schenk^ and figured by Schiitze^ as P, Foettleri, has the habit 
of a BraehypJiylluni. This is one of many examples of sterile 
shoots illustrating the arbitrary use of generic names for coni- 
f erous remains which afiord no definite evidence of their systematic 
position. The Araucarian habit is in itself of little value as 
evidence of affinity, but the abundance of petrified wood with 
Araucarian features (Dadoxylon) in strata yielding Pagiophyllum 
shoots suggests an Araucarian alliance, and the fact that some 
Pagiophyllum shoots Elatides cones afiording indications of 
Araucarian characters points in the same direction. It cannot 
be assumed that all Pagiophyllum shoots bore similar cones, and 
it is mainly on this account that the employment of Pagiophyllum 
as a provisional designation is recommended. 

Pagiophyllum is widely distributed in Jurassic strata and 
extends into Cretaceous and Tertiary rocks: it occurs also in 
pre- Jurassic floras and has recently been described by Zeiller® 
from the Terniian of France. It should be recognised that this 
extended use of the name is not in accordance with general practice, 
but it is adopted on the ground that, as in recent Conifers so in the 
case of extinct types, similarity in the habit of vegetative branches 
does not necessarily imply close relationship as regards the more 
important characters of the reproductive shoots, 

^ Solms-Laubaeli (91) A. p. 77. 

“ Bronn (58) p. 135, PI, vnr. 

3 Stur (68) p. 104. 

Sclumper and Schenk (90) A. pp. 276, 290. 

® Schiitze (01) PL VI. %. 1. . 

Zeiller (06) B. p. 219, PL LT. 
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Pagiophijlhim peregrinum (Lindley and Hutton). 

This species, first named by Lindley 74 rawcana peregrincP, was 


founded on material from the Lias 
of Lyme Regis in Dorsetshire^. 
It is possible that the generic 
name chosen by Lindley correctly 
expresses the position of the 
species, but decisive evidence is 
lacking. Vegetative shoots bear 
crow'ded imbricate, spirally dis- 
posed, leaves tetragonal in section, 
broadly triangular, sometimes fal- 
cate and more or less appressed to 
the stem in the lower portion of 
the lamina (fig. 744). There is a 
distinct dorsal keel and occasion- 
ally rows of papillae are visible 
on the lamina ; the apex is obtuse 
or acute. The leaves vary consi- 
derably in size and shape. Zeiller^ 
describes the cuticle of the dorsal 
and ventral surfaces of some 
leaves on Permian specimens from 
Blanzy : the stomata occur in 
longitudinal rows on the lower 
face only, the guard-cells 
usually at 
axis of the 
In habit 

closely with Elatides William- 
sonis^ a Middle Jurassic type; it 
occurs in Jurassic rocks of Eng- 
land, Prance, Germany, Italy, and 
elsewhere, the oldest recorded ex- 
amples being those described by 


Fig. 744. PagiopTiyllum peregmium. 
(British Museum; uat. size.) 


^ Lindley and Hutton (33) A. PI, liXXXvm. 

2 Seward (04) B. p. 48, Ph v. ; , Saporta (84) p, 383, Pis. 173—176. 
» ZeiUer (06) B. p. 219. 
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Zeiller from the Permian of France which he refers to Pagio- 
fliyllum in preference to UUmannia, pointing out that the leaves 
are relatively longer and less appressed to the axis than in the 
shoots known as 17. Bronni Goepp. (fig. 750, D, E). Triassic 
specimens from North Italy in the Bologna Museum named 
Pagiofhjllum Rotmammi appear to be indistinguishable from the 
English species. 

It is unnecessary to describe other examples of the genus as 
tike PagiopJiylliim type is illustrated by many Mesozoic and 
Tertiary species referred by authors to Sequoia, Geinitzia., Elaiides, 
Sphemlefidiim, and other genera. The important point is that 
in place of generic names connoting definite forms of cone,, the 
designation Pagiophyllmn should be adopted for all foliage-shoots 
of a certain habit which afiord no satisfactory evidence as to the 
nature of the reproductive shoots. 

Palaeozoic Conifers exhibiting certain features sug- 

; Qjggrpjyg QJ, ArAUCARIAN. affinity BUT' WHICH CANNOT BE 
DEFINITELY ASSIGNED TO THAT OR TO ANY OTHER FAMILY 
OF CONIFERALES ON THE EVIDENCE AT PRESENT AVAILABLE. 

WALGHIA. Sternberg. . 

The name Walckia'^ is applied to foliage-shoots, occasionally 
bearing terminal cones, from Permian and to a less extent Upper 
Carboniferous rocks, which present a striking agreement in habit 
with hTmcheB oi Araucaria exceUa other recent species of the 
section Etitacta oi Araucaria. Information with regard to repro- 
ductive shoots is very incomplete and we have little more than 
Cl ccumstantial evidence as to the anatomical features of the stem. 
In many cases the ultimate branches bear terminal cones similar 
to the megastrobili of Elatides^, but it is only in a few specimens 
that seeds are preserved on the cone-scales : in some species, e.g., 
TF. frondosa Een. and W. fertilis Ren. the fertile shoots appear to 
be of a distinct type though the evidence is not wholly satisfactory. 
It is probable, as several authors have suggested, that the species 
included in IPaMm, were our information fuller, would be referred 
to more than one generic type. The resemblance of branches of 
Walchia to the iolmge-shootB oi Lepidodendron, especially in the 
^ Sternberg (26) A. p. xxii. ' ^ See page 272. 
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case of specimens too small to show the characteristic branching- 
habit, has led to confusion between the two genera. It is often 
very difficult to draw a definite line betw'een W alchia and Vlhnannia, 
and in the absence of sporophylls the genus Gom/phostrohus may be 
easily confused with species of W alchia. 

Foliage-shoots characterised by a pinnate arrangement of the 
ultimate branches (fig. 745) attached at right-angles or obliquely 
to an axis of higher order. Leaves spirally disposed, crow’'ded and 
imbricate, short and ovate or linear and spreading, usually tetra- 
gonal and more or less falcate and decurrent. The dimorphism of 
branches and differences due to age or position on the tree render 
a satisfactory delimitation of species almost impossible though 
a few fairly well defined types can be recognised with reasonable 
certainty. As Bergeron^ says, in the absence of strobili the 
separation of species represented only by sterile shoots is hardly 
possible. Further reference is made to the features exhibited by 
reproductive shoots in the appended account of a few selected 
types. Information with regard to the anatomical characters of 
W alchia is very scanty and is based on evidence afforded by the 
association of foliage-shoots and petrified wood or on inferences 
drawn from unconvincing considerations. Among specimens 
which may belong to this genus one of the more interesting is that 
on which Mougeot^ founded the species Araucarites valdajolensis. 
The type-specimen, from the Permian of Val d’Ajol in the Vosges, 
has been refigured and critically discussed by Fliche^ though no 
complete investigation of its structure has been made. The 
cylindrical piece of stem, 9 cm. in diameter, has a large pith and a 
broad zone of secondary wood composed of tracheids, with two 
rows of albernate bordered polygonal pits, and narrow medullary 
rays. It seems clear from Mougeot’s brief account and from the 
description of other specimens by Fliche that the anatomical 
features are Araucarian though we have no information as to 
the structure of the inner edge of the xylem, a region of special 
importance as regards comparison with other types possessing 
a similar Araucarian pitting on the tracheids. The surface of 
Mougeot’s specimen is characterised by numerous spirally dis- 
posed, elliptical projections 5----7 mm. long and 3— -4 mm. wide 
1 Bergeron (84). ^ATougeot (52) A. p. 27, PL iv. ® Pliche (03). 
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wMcli Flicte regards as leaf -bases and compares with those on 
Araiicarian stems. While admitting the possibility that the wood 
belongs to Gom/phostrohis or some Cordaitean species Fliche con- 
siders WalcMa the most likely genus. The comparative closeness 
of the leaf-bases would seem to be a difiiculty : in stems as large 
as the type-specimen of If . mldajolemis one would expect to find 
the leaf-bases more widely separated and tangentially stretched. 
It is by no means unlikely that the supposed surface-features may 
belong to a deeper zone of the cortex of a partially decorticated 
stem ; but in any case they do not suggest a stem of Cordaites or 
Mesoxylon. It is impossible to assign the species with confidence 
to Walchia though Fliche may be correct in his opinion as to the 
likelihood of that being its true position. The generic name 
Araucarites implies a degree of aflSmity which has not been estab- 
lished and the designation Dadoxylon would be more in keeping 
with the facts. 

If aJcte is, especially characteristic of Permian floras though 
it has been shown to occur in the Stephanian of several countries. 
In Britain If afcfc is recorded from a very few Permian^ and 
Upper Coal Measures^ localities. We cannot speak with confidence 
as to. the position of the genus: the striking resemblance in the 
system of branching and in the foliage-shoots to certain species of 
Araucaria at once suggests a possible affinity to the Araucarineae, 
and this slender basis of comparison receives support from the 
occurrence in a few instances of single seeds on the upper face of 
sporophylls and from the Araucarian type of pitting in wood 
associated with Walchia branches. It may fairly be said that 
although proof is lacking there is a strong presumption in favour 
of regarding this Permo-Carbbnifero'us genus as more nearly allied 
to the Araucarineae than to any other family of Gymnosperms. 

pfmjomfs (Schlotheim) 

This, the commonest species, was originally described by 
Bchlotheim LycopodioUthes piniformis^: it occurs in both 
Permian and Stephanian strataA The pinnately branched shoots 

^ Vernon (12) p. G07. 2 Ridston (02) B. 

^ Schlotheim (20) A. p. 415, PI xxm. fig. 1 a; PL xxv. fig. 1. 

^ ^.9'.Stefani(01)p, 111; Weiss,aE. (72) Heer (76) A. p. 57; Goeppert 

(65) p. 236; Grand’Eiiry (77) A. p. 
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(fig, '745) are characterised by the more or less oblique insertion of 
the slender branchlets and by the comparatively long, narrow, 
falcate, decurrent leaves. The ovoid or cylindrical megastrobili 
terminal on the ultimate shoots bear imbricate ovate-lanceolate 
sporophylls, but their preservation is not such as to throw any 
light on the structure of the seed-bearing organs. Zeiller^ mentions 
a cone from Lodeve (Permian) 10 cm. long and 1 — 1*2 cm. in 
diameter, but the average length is less than this. A branch 
figured by Potonie^ from the Permian of Thuringia shows elliptical 
leaf-cushions very like those on the larger stem described by 
Mougeot as Araucarites valdajolensis. Potonie has drawn atten- 
tion to the difficulty of distinguishing small specimens of this 
species from W, filiciformis and W, Unearifolia, and some forms 
described as IF. imhricata and TF. hy'pnoides are by no means 
clearly distinguished from TF. 'piniformis. In TF. filiciformis 
(Schloth.) the leaves are characterised by the downward curve of 
the lamina near the base though this in itself is hardly a decisive 
criterion. In TF. linearifolia Goepp. the leaves are rather more 
delicate and less falcate, while in TF. imhricata they are usually 
shorter, relatively broader, and more strongly imbricate and 
incurved. W, liypnoides (Brongn.) is a smaller form though, as 
Kidston^ suggests, this may not be a specific character. Renault’s 
species TF. fertilise represents a similar form but with smaller 
leaves, and each branchlet ends, in a long and narrow strobilus 
which affords no indication of the nature of the sporophylls. 

TFaMm^/iZ^h^orm^ (Schlotheim). 

This species, recorded from Permian and Stephanian beds, and 
differing but slightly from TF. piniformis is important as supplying 
more satisfactory evidence as to the nature of the megastrobili. 
Zeiller^ has described a fertile specimen from the Permian of 
Brive in which the ovate-lanceolate cone-scales (sporophylls) bear 
on their upper concave face single ovoid seeds, 7— 8 mm. long. 
The strobili appear to be lax in the arrangement of the monospermic 
sporophylls. 

1 Zei]ler(06)B. p.204, PlL.iigs. 3,5; Bergeron (84). 

2 Potonie (93) A. p. 218. ^ Kidston (86) A. p. 15. 

4 Renault (96) A. p. 359; (93) A, PL exxx. fig. 2. 

5 Zeiller (92) A. p. 99, PI xv. fig. 3. 
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WalcMa mbricata ^oMmi^eT, 

In habit this type^ closely resembles the foliage-shoots of 
Ammafia Ridei on a smaller scale, the crowded leaves being 
strongly incurved and imbricate: it is readily distinguishable 
iiom UUtncmnia Bronni Goepp. (fig. 760, D, E). A good example 
is figured by Zeiller^ in which the branches are unusually large, 
8 mm. — 1*2 cm. in diameter: the species occurs in Permian and 
Stephanian strata and is recorded by Kidston from the Upper 
Coal Measures of central England. 

WalcMa ScJineideri ZeilleT. 

This species^ from Charmoy is characterised by the long 
filiform leaves, •6 mm. broad and 1*2 cm. long, usually straight and 
decurrent. The ultimate branches, some of which bear compara- 
tively long and slender cones, are oblique and alternate as in 
W. f inij^ormis. W.foUosa Bich.^ from the Permian of Russia is a 
similar form but with less delicate leaves. 

Walchia frondosa Renault. 

A species from the Permian of Autun having slender leaves 
rather shorter and more falcate than those of IF. Schneideri: 
some of the branches bear a terminal globular bud superficially 
resembling the ovuliferous shoot of Taxus. It is, however, not 
improbable that the buds are purely vegetative like those figured 
by Bergeron on a specimen of IF, 

SCHIKODENDBON. Eichwald. {T YLODENDRON Weiss, ) 

Prof. C. E. Weiss^ instituted the generic name Tylodendron for 
c*asts from Upper Carboniferous and Permian strata in Germany 
which he described as branches of a Conifer with spirally arranged 
rhomboidal raised areas or pulvini each of which has a median 
slit in its apical portion (fig. 746). The elongate, narrow, raised 
areas (^. the medullary cast of a Fotem, which shows precisely 
similar areas, represented in fig. 748) were regarded as casts of leaf- 
cushions and the slit was interpreted as a resin-canal. 

1 Schimper (72) A. p. 239. 2 ^eiUer (06) B. p. 211, PI. xlix. figs. 1, 2. 

2 p. 206, PI. XLVin. figs. 4, 5. 

Eichwald (60) B. PI. XIX. fig. 1, 

^ Weiss, 0. E. (72) p. 182, Pis. xix., xx. 
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ScMzodendron speciosum (Weiss). One of the casts figured by 
Weiss and assigned by Mm to tHs species has a length of 70 cm. 
and at intervals of about 30 cm. shows periodic swellings where it 
assumes a barrel-shaped form. Pieces of wood attached to some 
j of the casts were investigated ' by 

I Dippel who found that they agreed 

anatomically with Araucarian stems. 

Weiss considered his specimens to be 
generically identical with casts figured 
I by Eichwald^ from Russia as species 

of Schizodendron and Angiodendron. 

Potoniej wMIe uncertain as to the 
close agreement with some of Eich- 
wald’s fossils, regarded Tylodendron 
as identical with EichwakPs Schizo- 
dendron, and Zeiller^, in view of this 
I agreement, adopted the older name 

i ScMzodendron. The latter author^ 

formerly believed Tylodendron, as 
j described by Weiss, to be distin- 

guished from ScMzodendron by the 
apical occurrence of the slit on the 
‘‘ so-called leaf-cushion in contrast to 

the basal slit in ScMzodendron, but 
Potonie^ proved that in both cases 
the median groove extends up the 
lower portion of each projecting Fig, 746. ScMzodendron specio- 
area from its base and represents (After Potome; f nat. 

; an out-gbing leaf-trace; he also 

i demonstrated tha>t ScMzodendron is a pith-cast, the tapered 

I areas being the inner ends of medullary rays. In some specimens 

I the casts afford some indication of a discoid pith. The relation 

between the wood and the pith-casts is also very clearly shown 
' a petrified stem of Permian age from Prince 

Edward Island described by Miss Holden^. The true nature of 

1 Eichwald (60) B. PI xvin. ^ ZeUler (922) a. p. 102. 

3 (80) p. 263, PI. v. ^ Potonie (88). 

5 Holden/R. (13) p. 245. 
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the Tyloclendron casts is also shown in specimens from the Lower 
Permian of Saxony in the Chemnitz Museiimh Casts similar to 
those described as Tylodendron Sclmodendron recorded 
by Schleiden in 1846 and referred to a new gBiim Endolepis : he 
believed them to be casts of the pith-cavity of some Dicotyledonous 
stem. Examples of Endolepis have been described by Schenk and 
more recently by Fliche^ who discusses the history of the genus 
and on the ground of priority adopts Schleiden’s name in prefer- 
ence to Schizodendron. It is, however, preferable to retain 
ScMzodendron for the larger casts with periodic swellings. The 
smaller t 3 ^pe represented by Endolepis has in several instances 
been found in connexion with the foliage of Voltzia'^ (fig. 74-8) and 
it is questionable if a special designation is needed. In the form 
of the raised areas on the surface of the cmt Schizodendron and 
Endolepis appear to be identical : while suggesting the advisability 
of retaining the former name I recognise that the Permian and 
Triassic casts may belong to stems which are closely allied or even 
generically identical 

The structure of the wood of ScMzodendron speciosum is of the 
Afanmrian type ; the tracheids have 1—3 rows of contiguous and 
alternate pits on the radial walls and the medullary rays are 
usually uniseriate. Potonie compares the pith-casts of the Palaeo- 
zoic stems with those of recent species of Araucaria and AgatMs: 
the pith of the recent species is much smaller but in both fossil 
and recent medullary casts there are periodic swellings where the 
presence of scars, sometimes in a whorl or pseudo whorl^, marks 
the position of branches. The pith-cast of a recent Cycad (fig. 398, 
p. 29, Yol III.) bears a general resemblance to ScMzodendron: in 
Araucaria the medullary rays are narrower and so produce 
narrower raised areas on a pith-cast. 

ScMzodendron Oowardi (F. E. Weiss). 

Prof. F. E. Weiss^ has recently described an interesting example 
oi ScMzodendron which throws some fresh light on structural 
features. The specimen was found in Cheshire but not in sif/u 
and nothing is known as to its geological age ; it consists of a 

A Sterzel (00). . ^ Eliche (10) p, 212, Pis. xix., xx. 

Seward (90). See also page 290. 

yZeiUer (922) A. H. XV. %. 5. ^Weiss, P. E (IS^). 
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petrified barrel-shaped piece of pith with portions of the inner 
edge of the xylem-cylinder. The surface-features agree with those 
of S. sfeciosum, each rhombic area being divided for a third of its 
length by a median groove. The pith is composed of thiii-walied 
parenchyma with several secretory canals in the outer region ; 
patches of xylem are preserved in the depressions between the 
lozenge-shaped areas showing the same anatomical characters as 
those described by Potonie : internal to the secondary xylem are very 
small groups of tracheids separated by 1—2 row^s of parenchyma 
from the secondary elements, wdiich pursue a sinuous longitudinal 
course. These tracheal strands are, as Weiss points out, at least 
superficially comparable with the primary xylem of such a type as 
Pitys antiqua. The innermost elements of the secondary xylem 
are usually scalariform and these pass gradually into tracheids 
with two alternate rows of bordered pits often slightly polygonal. 
The leaf-traces are formed of two endarch strands which coalesce 
as they pass downwards and eventually merge laterally with the 
secondary xylem. 

Medullary casts with the external features of Schizodendron 
might well belong to stems which are not identical in anatomical 
characters, and from casts alone all that can be inferred is the 
presence in the vascular cylinder of medullary rays wdth fairly 
broad inner faces separated by prominent w^edges of tracheids, 
also the spiral disposition of leaves each supplied with a single 
vascular bundle given ofi from the lower angle of the xylem- 
meshes. In the case of Schizodendron Coivardi the presence of 
small strands of primary xylem suggests comparison wdth such a 
genus as Pitys or Alesopitys, while in the other examples there is 
no indication of any xylem internal to the main cylinder. The 
characters of the secondary xylem point to an Araucarian or 
Cordaitean affinity and the pith agrees with that of Araucaria, 
though in S. Cowardi the presence of secretory canals is a Cycadean 
feature. Bain and Dawrson^, though they did not correctly inter- 
pret the surface-characters of Schizodendron, referred to it as 
representing decorticated branches of the Conifer Walcliia, Sterzel 
recorded the association of Schizodendron with Wafc/wa foliage- 
shoots in Saxony, and Zeiller, who noticed a similar association 
^ ^ Bain and Bawsoii (85). 
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in French. .Permian rocks^ expressed the opinion that the casts 

belonged to If aMia stems. In this connexion it is noteworthy 

that shoots of Yoltzia^ also possess medullary casts (fig. 748, A, B) ® 

with the superficial features of Schizodendron. Though we have 

no proof of a connexion between casts and leaf-bearing branches, j 

it is probable that some forms of Schizodendron represent the pith- 

casts of Walchia : if this view is correct it affords another argument 

in favour of connecting Walchia with the Araucarineae, but how 

close the connexion is cannot be definitely settled without further j 

evidence as to the reproductive shoots. 

Schizodendron^ though not confined to Permian rocks, is most ^ 

abundant in beds of that age ; it is recorded from several localities 
in Germany^, from France, Eussia^, and Canada while the British 
specimen, though presumably from English rocks, was not found 
in situ, 

HAPALOXYLON. Eenault. 

Renault^ instituted this genus for a cylindrical stem 2 cm. in 
diameter from, the Permian of Autun characterised especially by I 

the parenchymatous structure of the secondary xylem. The | 

type-species, Hapaloxylon Rochei, resembles Araucarites valda- * 1 

jolensis, a Permian species founded by Mougeot, in its spirally ! 

disposed leaf-scars each with an elongated groove marking the ^ 

position of the leaf-trace. The solid parenchymatous pith is f 

surrounded by a narrow zone of 2 — 3 layers of tracheids with a * 

single row of bordered pits which Renault speaks of as primary 
xylem : this forms the inner edge of a broad cylinder of homogene- 
ous parenchyma traversed by uniseriate medullary rays 1 — 3 cells 
deep. The secondary-xylem elements are rectangular 7 — 8 times 
as long as broad and without pits. Beyond the cambium is a 
broad zone of secondary phloem consisting of a regular alternation 
of well preserved sieve-tubes with lateral sieve-plates and paren- ; 

chyma. The cortex contains some secretory sacs and is bounded ^ 

by periderm, ' 

The inference drawn by Renault is that the leaves were small ‘ 

like those of If aHia and each had a single vein. There is, : 

1 Seward (90), ^ Weiss, G. E. (72); (74); Potonie (88); (93) A. etc. ■ ! 

® Sohmalhausen (87) PL Tn. fig. 34. I 

^ Renault (96) A. p. 360 ; (93) A. PI. LXXVL j 
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however, no definite evidence as to the nature of the foliage: the 
stem structure represents a type previously unrecorded among 
Gymnosperms, but comparable with the structure of the stem of 
Aeschynomene a recent genus of the Leguininosae. 

GOMPHOSTROBUSb Marion. 

This generic name was instituted by Marion ^ for Permian 
foliage-shoots from Lodeve bearing vegetative leaves similar to 
those of W alclvia and Araucaria excelsa but distinguished by the 
bifurcate form (fig. 747) of the relatively long sporophy 11s borne 
in a crowded cluster on the apical region of the axis. Marion 
referred Gompliostfohiis to the Coniferales. Geinitz^ had pre- 
viously described detached sporophylls from the Lower Permian 
of Saxony, of the same type as those on which the genus d-hmp/zosfro- 
hus was founded, as SigUlariostrobiis bificlus. The Saxon specimens 
are represented in the drawings published by Geinitz as distally- 
forked scales bearing a single seed at the base. Potonie^, who 
examined the original fossils in the Dresden Museum — and I am 
able to confirm his view — states that there are no undoiibted 
seeds but only a faintly outlined area near the proximal end of 
each scale which no doubt marks the position of a seed or sporan 
gium. 

1873. Sigillariostrohus bifidus, Geinitz, Keues Jahrbuch Min. p. 700, PL 
figs. 5 — 7. 

1890. DicranophyUufn gallictm, Schenk in Schimper and Schenk, p. 266. 

1890. Gomphostrobus heterophyllus, Marion, Compt. Rend. cx. p. 892. 

1891. Psilotiphylhm bifidum, Potonie, Ber. dentsch. Bot. Ges. Bd. IX. 

p. 256. 

1892. Gomphostfobtis hifidm^ Zeilier, Bassin Houiil. Perm. Brive, p. 101, 

PL XV. fig. 12. 

Gomphoskobiis bifidus 

Potonie in his account of the genus and type-species repro- 
duces Marion’s original drawings showing a TPaZc/w‘a-like axis 
with short falcate leaves bearing crowded linear and distally forked 
sporophylls reaching a length of 8 cm. in the apical region. The 
sporophylls, which are bent to one side, giving the impression of 
wind-blown foliage, consist of a simple lamina 8*5 to 25 mm. long, 

4 See voL II. p. 26. ^ Marion (90) ^ ^ ^ ® Geinitz (73). 

^ Potonie (93) A. p. 197 Pis. xxvii., xxvin., xxxiii. 
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with two divergent distal prongs varying considerably in the angle 
of divergence^ a variation noticed also by Zeiller. On one example 
(fig. 747, B) Potonie records the occurrence 
of two scars ; a lower scar, a, representing 
the attachment of the lamina and a second 
scar, b, which he attributes to a sporan- 
gium. 

The species, represented usually by de- 
tached sporophylls only, is recorded from 
Lodeve, Brive, and other French localities b 
also from Permian localities in Germany. 

It was referred by Schenk to Dicmno- 
fhylkmi, but in that genus it is the foliage- 
leaves that are forked and there is no reason 
to assume any close relationship bet’ween 
the two imperfectly known types. If the scar 
at the base of the sporophylls marks the position of a seed a com- 
parison with the Araucarineae is suggested, and in this connexion it 
is noteworthy that SterzeP records the association of Gonifhostrohus 
with Dadoxylon wood. Potonie, who at first overlooked Marion’s 
paper, proposed the name Psihtiphylhm to give expression to his 
opinion that the Permian plant is a Palaeozoic member of the 
Psilotales, a conclusion based on insufficient evidence. We have 
no definite information with regard to the nature of the organ 
borne on the sporophylls. The same author compares the sporo- 
phylls of Gomfhostrobus with the leaves of SphenopJiyllum though 
the verticillate disposition of the leaves of the latter genus is a well- 
defined difierence. It would seem, as Zeiller says, that GomfKo- 
slrohm is probably allied to Walchia though its position cannot be 
precisely determined without further data. 

A recent examination of some specimens from Lower Gondwana 
rocks in India described by FeistmanteF as Voltzia revealed the 
occurrence of some small distally forked leaves very similar to the 
sporophylls of the European Gomfhostfobus, 

V Zeiller (922) A, p. loi. h. xv. %. 12; (06) B. p. 213, Pi. l. figs. 6—8. 

2 gterzei (00) p. 6. 

Feistmaritei (792) Pis, xxiL e/ 5eg'. 



bifidus; a, leaf- scar; b. 
scar of sporangium ? ; 
G, torn piece of tissue. 
(A, B, after Potonie; 
C, Zeiller.) 
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VOLTZIA. Broiigniart. , 

Brongniart^ instituted this genus for foliage-shoots from the 
Bunter sandstones of the Vosges, the name being chosen in com- 
memoration of Voltz; he compared the branches with those of 
Amumria excelsa but added that the cone-scales bore three ovules. 
The leaves show considerable variation even on the same axis, 
a feature shared with Walchia and UUmannia: the megastrobili 
are characterised by a lax disposition and the fan-like, lobed or 
crenulate form of the megasporophylls, which in the best preserved 
type, F. Liebeana (fig. 748, C — F), bear three ovate seeds on the 
upper surface. Many authors compare the Triassic genus with 
members of the Taxodineae, e.g., Cryptomeria, and the Araucari- 
neae : wood of the Araucarian type has been referred to VoUzia 
though without proof of connexion with the vegetative shoots. 
Gothaii^, who favours a Taxodineous alliance, points out that 
wood associated with Voltzia has Araucarian pitting on the 
tracheidsj though he adds that the occurrence of typical Araucarian 
pitting in stems possessing other characters foreign to the recent 
Araucarineae justifies the conclusion that the presence of alternate 
polygonal pits on the tracheids is not necessarily proof of Arau: 
carian affinity. An examination of some carbonised fragments 
attached to cone-scales of F. Liebeana in the British Museum from 
Gera revealed the occurrence of uniseriate pits both separate and 
in contact with one another. It is probable that Voltzia is related 
to the Araucarineae though in what degree is uncertain. A recent 
view^ that VoUzia affords an illustration of a generalised type 
combining Araucarian and Abietineous features is in part based 
on an assumption that the cone-scales are double like those of the 
Abietineae. That the genus is a generalised type is probable, 
but the data are insufficient to warrant any definite statement as 
to which Coniferae are the nearest allies. The range of the genus 
is difficult to define : if we inciude the species F. heuperiana, also 
Heer's genus Leptostrobus, the geological range extends from the 
Permian to Middle Jurassic floras. The typical species are charac- 
teristic of Permian and Lower Triassic rocks. The similarity in 
habit of Walchia, some species of UUmannia, and FoZtem renders 

^ Broiigniart (28) p. 448, Pis. xv.— xvn. - Gothan (10) p. 31. 

3 Holden, R. (13). 
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exceedingly difficult the determination of sterile branches. 
Further, the fact that the specimens of this presumably arborescent 
genus are usually small branch-fragments sets a limit to our laiow- 
ledge of the external features of the individual plants. 

Volfzia heterophylla Brongniart. 

The examination of numerous specimens from the Bunter 
sandstone of the Vosges led Schimper and Mougeot to include 



Fig. 748. Voltzia. A, B, Voltzia heterophylla (B, medullary cast), G — F, Voltzia 
Liebeana. ( A, B, after Seward ; C—F after Geinitz.) 

under this name VoUzia brevifolia and V. rigida of Brongniart^. 
The Triassio species Voltzia heterophylla {fig. 748, A) is the best 
known representative of the genus: the vegetative shoots agree 
very closely with those oi Araucaria excelsa and differ but little 
from shoots otWalchia, some forms of IJUmannia, and Pagiophyl- 

1 Brongniart (28) p. 446; Schimper and Mougeot (44) A. p. 21, Pis. i,, vi. — ^ix. 
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lum, Schiitze^ has given a long list of references to records of 
F. heterofhylla, but in making use of such lists it should be reiiieni- 
bered that in the absence of reproductive organs the specific or 
even generic determination of specimens resembling in habit 
Araucaria excelsa is a hopeless task. The heterophylly of Voltzia 
heterophylla is a striking feature : long linear obtuse leaves, 2—5 
cm. long, occur in close association with falcate decurrent foliage. 
Small oval strobili characterised by crowded imbricate appendages 
are figured by Schimper and Mougeot as male cones, but in no case 
have any sporangia been detected : similar strobili are also figured 
by Leuthardt^ from' the Keuper of the Basel district. The mega- 
strobili are longer and bear cuneate cone-scales, with 3 — 5 rounded 
lobes on the upper surface, arranged in a lax spiral. The marginal 
lobes of the scales are less deeply separated from one another 
than in F. Liebeana (fig. 748, D — F). We have no satisfactory 
information with regard to the nature or method of attachment 
of the seeds. Saporta® figures a cone from Soultz-les-Bains 
showing, as he asserts, the impressions of seeds, but the drawing 
affords no definite evidence as to the relation of cone-scales and 
seeds. Saporta regards the cone-scales as double, each consisting 
of an ovuliferous scale and a bract-scale more or less completely 
fused as in the recent genus Taxodium. The assumption that the 
scales are double rests on a very slender basis, and even in the 
much better preserved specimens of F. Liebeana Hhere is nothing 
to indicate that the scale was double^.’ In a recent paper Miss 
Holden® speaks of Voltzia cone-scales as double in terms suggesting 
a well-established fact, though this is by no means the case. 

Blanckenhorn® and other authors have described specimens of 
Voltzia heterofhylla showing elongated leaf-cushions which they 
compare with similar raised areas on the Permian casts on which 
Weiss founded the genus Tylodendron (Schizodendron'^), In the 
latter genus the supposed leaf -cushions are casts of medullary 
rays at the inner edge of the secondary xylem, and an examination 
oi Voltzia specimens in the Strassburg Museum® convinced me that 

^ Scliiitze (01). 2 Le^thardt (03) p. 10, PL rv. 

3 Saporta (84) PL 154, %. 4. ^ Solms-Laubacli (91) A. p. 68. 

^ Koldeii, R. (13) p. 251. 

Blanckenhorn (85) B. PL xx. figs. 17—20. 

' See page 282. ® Seward (90). 
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the same explanation applies to Voltzia heterofkylkh Triassic 
Voltzia casts were referred by Scbleiden to a distinct genus Endo- 
hpis: examples figured by Schenk^ afford a good illustration of 
their close resemblance to Schizodendron. The medullary casts 
of the Triassic genus differ from those of Schizodendron in their 
smaller diameter and in the absence of periodic swellings : narrow 
slits in the elongated areas mark the position of out-going leaf- traces 
(fig. 748, B). A similar though larger form of cast is figured by 
Miss Holden^ from Coburg and New Brunswick and referred to 
Voltzia coburgensis. Fliche^ has described a form from the 
Muschelkalk of France with more slender shoots than in most 
examples of F. heterophyllu. Specimens from Swiss Triassic beds 
figured by Heer^ and Leuthardt^ as examples of this species are 
too incomplete to be identified with certainty. FeistmanteFs 
Indian specimens® referred to F. heterophyUa, which I have re- 
cently examined, from Lower Gondwana strata, show a variation in 
leaf -form suggestive of the European species, but the determination 
is open to question. A supposed cone-scale figured by Feist- 
mantel resembles in outline the lobed scales of F. Lieheana. Some 
very incomplete branches regarded by Feistmantel as pieces of 
Albertia shoots are probably identical with the impressions assigned 
to Voltzia. On a few of the smaller Indian specimens I found 
leaves 5 mm. long divided into two slightly divergent prongs, 
a feature unknown in Voltzia but suggesting Gomphostrobus or 
small leaves of Bicmnophyllum. Some small seeds figured by 
Zeiller^ from the Karharbari beds of India as probably belonging 
to Fofem cannot be determined with confidence. 

Voltzia walchiaeformis Fliche. 

Fliche® gives this name to vegetative shoots from the Bunter 
of the Vosges characterised by a WalcMa-like habit of branching, 
the pinnately disposed lateral branches being given off at about 
40°; the leaves are elliptical, short and broad, more or less appressed 
and less spreading than in WaMia. It is, however, impossible 
without the confirmatory evidence of strobili to distinguish 

^ Schenk (68) p. 80, PL VI, 2 Holden, R. ( 13). 

3 Pliche (10) Pis, xvin., xix. 4 Heer (76) A* PI. xxx. 

® Leutkardt (03) PI. iv- figs. 2-— 5. ® Feistmantel (79®) Pis. xxii. — xxv. 

" Zeiller (02) B. PL VII. fig. 9. ® Plicke (10) p. 198, PL xxi. 
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clearly between certain forms of WalcMa dnid Voltzia. A very 
similar type is figured by Schiitze^ as WiddTingtonites Jceuperiamis 
Heer^ from Stuttgart but with, no justification for tbe use of a 
generic name implying relationsliip with Widdrmgto^^^ The 
fragments of foliage-shoots on which Heer founded this species 
are too small and of too common a type to be referred to a genus 
implying any definite position in the Coniferales. 

Voltzia Liebeana Geinitz. 

A Permian species^, characteristic of the Zechstein copper- 
bearing beds of Gera and other localities, represented by foliage- 
shoots (fig. 748, C), well preserved cone-scales, and strobili. The 
vegetative branches closely resemble those of F. heterophylla and 
TJllmannia selaginoides : there is the same inconstancy in leaf-form 
as in the Bunter species. The strobili are also similar to those of 
F. heterophylla : the largest example figured by Geinitz is 2*5 cm. 
in diameter and 7 cm. long. The cone-scales (fig. 748, D — F) 
have five lobes, deeper than in F. heterophylla^ and the central lobe 
is longer than the others. The occurrence of three seeds is a 
characteristic feature ; these are ovate, 5x3 mm., and have a 
narrow marginal wing. From their close association with strobili 
Geinitz identified some spherical seeds, formerly described by him 
as Cyclocarpon eiseliamm, as those of F. Liebeana, This author 
figures an imperfectly preserved strobilus as a male catkin; it 
resembles those of F. heterophylla, but no microspores have been 
discovered. Heer describes some foliage-shoots and detached 
lobed cone-scales from the Permian of Hungary as F. hnngarica^ : 
the scales are similar to those of F. Liebeana hut slightly 
narrower lobes. 

Voltzia heuperiana {BchmvpeT). 

This specific name® was given to fertile shoots characterised 
by long and lax strobili called by many mthom V. coburgensis 
Schauroth®, a designation first applied to a cast resembling Lygi- 
nodendron {of, fig. 401, Vol in, p. 37) from the Keuper of Coburg 
and having no proved connexion with Voltzia, strobili and 

1 Schiitze (01) PL x. ^ Heer (65) A. fig. 31 ; (76) A. PL xxx. figs. 4, 5. 

3 Geinitz (80) p. 26, PI V. ^ Heer (76^). 

^ Scliimper (72) A. p. 243, PL Lxxvi. ® Schauroth (52) p. 540, 
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megasporopliylls constitute the distinctive features of F. heuf er- 
iana: Schimper figures two strobili approximately 18 cm. long 
characterised by fan-shaped scales ; the lamina has a fairly long 
stalk gradually passing into a broad rounded distal portion with 
a crenulate edge, the sinuses between the numerous crenulations 
being continued as grooves over the face of the expanded portion 
of the scale. No information is available as to the seeds. The 
similarity in the general plan of the strobili, apart from the clearly 
marked distinguishing feature of the megasporophylls, points to 
a generic affinity between this species and F. Lieheana and F. hetero- 
fliylla, Schimper states that the strobili of F. heuferiana occur 
in groups in contrast to the solitary cones of other types, and in 
view of this distinction and the form of the cone-scales he employed 
the generic name Glyptole'pis for which Heer substituted Glypto- 
le'pidiurn^ on the ground of the previous use of Glyftohfis for a 
fossil fish. Schimper refers to this species the wood named by 
Goeppert Araucarites heuferianus Dadoxylon Jceuperianum) but 
there is no proof of actual connexion. Schenk^ adopted the 
generic name Voltzia and Potonie proposed a new teiim Y oltziopsis^ 
to be used in a provisional and wide sense for Voltzia kewperiana^ 
Cheirolepis EscJieri Heer, Heer’s Leptostrobus^ and Nathorst’s 
Swedenborgia^ (fig. 749), including species ranging from the Keuper 
to Middle Jurassic strata in contrast to the Lower Triassic and 
Permian range of typical representatives of Voltzia. The species 
Cheirolepis Escheri, included by Potonie in his genus Voltziopsis, 
was founded by Heer on an imperfectly preserved scale from the 
Lower Lias of Switzerland resembling the lobed cone-scales of 
Cheirolepis Mmsteri Schenk^. The genus Cheirolepis was in- 
stituted by Schimper’^ as a substitute for Erachyphjlkim for the 
Ehaetic Bpeeies B. Milnsteri Schenk, the new name being chosen 
because of the digitate margin of the cone-scales which are said to 
bear single seeds. My former employment of Schimper’s generic 
term for sterile branches originally named by Phillips Smc%- 
phylhmi setosum^ was hardly justifiable in the absence of sporo- 

^ Heer (77) ii. p. 72. 2 gchimper and Schenk (90) A. p. 290, fig. 199. 

3 Potonie (99) B. p. 304. ^ (77) ii, p. 72. 

® iSFatliorst (78) B. p. 30, PI. xvi. figs.i6-~12. 

® Schenk (67) A. p. 187, PI. XLin. figs. 1—12. 

' Soliimper (72) A. p. 247. ® Seward (00) B p. 294. 
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pliylls. The species Voltma reciibariensis (Mass.) represented by 
several vegetative shoots, imperfect cones, cone-scales, and seeds 
in the Miischelkalk beds of Eecoaro**- illustrates the impossibility 
in the case of sterile specimens of drawing any satisfactory line 
between VoUzia and Pagiophifllum. Heer instituted the genus 
Leptostrohus ioi strobili from Jurassic strata in Siberia agreeing 
closely in habit and in the form of the inegasporophylls with those 
of VoUzia, The strobili, referred by Heer to three species, do not 
exhibit any well-marked specific differences ; the longest example, 
L, crassipes, is 7 cm. in length and 1*5 cm. broad: the scales, 
7 — 8 mm. broad, are entire at the distal margin or more or less 
lobed and in some specimens the scales are hardly distinguishable 
from those of F. JieterophyUa. Heer states that two- winged seeds 
are borne on some of the scales though the evidence is not clear. 
In a later account Heer^ includes in Leptostmbiis clusters of long 
linear leaves apparently borne on short shoots and resembling the 
needles of Pityites Solmsi Sew., Schizolepis Braunii, and Jeffrey’s 
.Prepinus, These leaves, described as L. rigida and L, angiisfi- 
folia, though in close association with strobili are not actually 
connected with them; they differ considerably from the short, 
triangular, imbricate leaves shown in one of Heer’s figures imme- 
diately below the fertile portion 
of an axis of L. cmssip>es^. It 
would be difficult to draw any 
generic distinction between Lepto- 
strobus and Voltzia especially F. 
keuperiana, 

SWEDENBORGIA. Nathorst. 

This genus ^ is founded on lax 
oval strobili bearing small cone- 
scales with long stalks and a Fig. 749. Swedenhorgia. cryptommdes, 

single seed (fig. 749, B). In the y StroWIus. B. Fertile leaf. (After 
® ^ „ .7 Nathorst; nat. size.) 

cryptonmndes^ tm 

cones reach 7 cm. in length and the scales are divided distally 



into 4 or 5 acute digitate lobes. Nathorst compares the strobili 


1 Schenk ( 68 ) Pis. vn. seq, 

3 Ihid. ill) ii. PL xm. fig. 14. 


2 Heer (82) p. 2.3, Pis. vn,, viii. 

^ Nathorst (78) B. p. 30, PL xvi. 
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with those of Gnjftomena and Voltzia but mentions the presence 
of a single seed as an important distinguishing feature. ,To 
unite Swedefiborgia with VoUzia would be misleading, and there 
is no valid reason for replacing Nathorst’s term by Potonie’s 
genus Voltziopsis, 

Strobilites. Strohilites laxus Seward. 

This name was applied to a lax strobilus, 30 cm. long and 1-3 cm. 
broad at the base, from Rhaetic beds on the Orange River, South 
Africa^, which may be allied to Voltzia, though in the absence of 
seeds its position cannot be determined. The sporophylls consist 
of a lamina with a rounded distal edge and a radially folded surface 
attached by a short horizontal stalk resembling the seed-bearing, 
scales of Voltzia heterophylla, 7. coburgensis, and to some extent 
Heer’s Jurassic Leptostrobiis. 

ULLMANNIA. Goeppert. 

Goeppert^ in his description of Ullmannia refers to the extensive 
literature on the fossils from the Permian copper mines of Frank- 
enberg on which the genus was founded: the most complete of 
these earlier accounts is that of Ullmann. In habit similar to 
Walchia, Ullmannia is represented by various forms of foliage- 
shoots and impressions of buds and cones, but the data are in- 
sufficient to settle its position in the Coniferales. Ullmannia 
Bronni (fig. 750, D), the type-species, is practically identical in 
leaf-form and habit with the Mesozoic genus Pagiophylhim, while 
the species U . frumentaria (fig. 750, A) agrees closely with such 
recent Conifers Araucaria excelsa and Ai Buhvilli, The branches 
bear spirally disposed crowded leaves with a median vein and 
numerous longitudinal striations on the lamina. The association 
of impressions of foliage-shoots with wood having the Araucarian 
type of pitting® affords contributory evidence, though by no 
means proof , of Araucarian affinity. In the absence of any definite 
information as to the structure of the reproductive shoots Ull- 
mannia mmt he left for the present as a Conifer which cannot be 
assigned with certainty to a systematic position. Tuzson^ uses 

^ Seward (08) B. p. 101, text-fig. 7; PL v. fig. 3. 2 Cloeppert (50) p. 185. 

3 Solms-Laubach (84) PI in. fig. 16 ; Schimper and Schenk (90) A. p. 275, figs. 
190,191. ^ Tuzson (09) p. 23. 
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the generic name Ullmannites for wood having the Araucarian type 
of tracheal pitting which he believes to belong to Ullmannia, but 
under the former genus are included types of wood that are not 
generically identical and afford no evidence of connexion with 
Ullmannia. Ullmannia is essentially a Permian genus especially 
characteristic of the copper-bearing rocks of Frankenberg in 
Hessen and Ilmenaii in Thuringia ; it is recorded*also from Prance 
and by Eichwald and Schmalhausen from Russia, the species 



Fig. 750. Ullmannia, A—C, UUmannia frumentaria, D, E, U, JBronni, (A, after 
Geinitz ; B, 0, after Solms-Laubach ; D, E, after Potonie.) 

U',' biarmica Eich.^ being represented by both sterile and fertile 
branches. Imperfectly preserved impressions from the Permian 
of Durham^ have been referred to URmamm but no satisfactory 
specimens have been discovered in English beds. The fragment 
figured by Lindley and Hutton^ as Voltzia PMlUpsi meij helong to 
an Ullmannia, 

1 Schmalhausen (87) PI. VI. 

2 and Harkness (64) p. 154; Kirby (64). 

3 Bindley and Hutton (37) A. PI. 195. 
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Ullmannia 

The fragments of foliage-shoots on which Goeppert^ founded this 
species were described by some earlier authors as the Frankenberg 
ears of corn and by Schlotheim as Poacites fhalaroides. Bronn, who 
first identified the fossils as Coniferous, named them C'upressites 
VllmannL We know nothing of the structure of the reproductive 
shoots, and the cones referred by Goeppert to this species have 
since been assigned to the genus Strobilites. In habit and leaf-form 
Ullmannia Bronniis, indistinguishable from certain Triassic and Ju- 
rassic foliage-shoots referred by most authors to Pagiophyllum, The 
leaves are imbricate (fig. 750, D, E) ; the lamina is oval or broadly 
linear, elliptical, and characterised by longitudinal striations. Some 
imperfectly preserved leaves examined by Solms-Laubach showed 
clear indications of the presence of a midrib with lateral groups of 
transfusion-tracheids, as in U. selaginoides and U. frumentaria, 

UUmannia selaginoides (Brongniart). 

This and the following species, U , frumentaria, are founded on 
vegetative shoots from the Permian of Ilmenau (Thuringia) and 
both were described by Brongniart as examples of Fucoides^. The 
leaves of U, selaginoides are longer than those of XJ, Bronni, linear 
and almost uniform in breadth, elliptical in section. There is a 
single vascular bundle accompanied by wings of reticulate trans- 
fusion-tracheids {cf. fig. 750, C) associated with parenchyma^. 
As in the leaves of recent Conifers the transfusion-tissue persists 
in the apical region of the lamina. There are 1— -2 rows of hypo- 
dermal fibres below the epidermis with sunken stomata and the 
mesophyll consists largely of palisade-cells {cf fig. 750, B). The 
stele of the shoot has a large pith with nests of dark cells enclosed 
by a cylinder of secondary xylem consisting of tracheids having a 
single row of separate circular pits on the radial wall and uniseriate 
medullary rays 1 — 6 cells deep. 

UUmannia frumentaria 

This species, originally named Oarpolithes frumentarius^ is the 
commonest fossil in the Ilnaenau mines. The leaves are lanceolate, 

1 Goeppert (50) p. 185, PL xx. For synonymy, see Solms-Laubach (84); 
Geinitz (8G). > Brongniart (28) A. PL ix. 

® Solms-Laubach (84) PL iii. figs. !, 4, 6, 15. 

^ Schlotheim (20) A. PL xxvn. fig. 1 For figures, see Geinitz (80); etc. 
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acute., decurrent, and more or less falcate and like those of other 
species characterised by longitudinal striae on the dorsal face 
(fig. 750, A). Well-preserved impressions of this species in the 
Dresden Museum bear a close resemblance to shoots of Arcmcafia 
BidwiM and A. brasiliensis. Some specimens show laterally 
attached oval cones, but it is not clear if these are reproductive 
shoots or vegetative buds and nothing is known as to the nature 
of the sporophylls. The seeds, Cardiocarpus triwngularis^, referred 
by Geinitz to this species on the ground of association, cannot be 
safely assigned to Vllmannia. In leaf-structure (fig. 750, B, C) 
U. fmmmtaria closely resembles U. selaginoides but the hypo- 
dermal fibres form oval strands instead of 1 — 2 layers. The 
species has also been recorded from the Permian of France^. 

Strobilites. Strobilites Bronni (Goeppert). 

Under this provisional name Solnis-Laubach^ described the 
problematical fossils from the Frankenberg copper mines which 
Goeppert believed to be the megastrobili and cone-scales of 
UUniannia Bronni, In the absence of any satisfactory evidence 
of connexion with the vegetative shoots on which U, Bronni was 
founded it is better to follow Solms-Laubach in the adoption of the 
non-committal name Strobilites. These star-stones (^Sterngrau- 
pen') of the miners consist of more or less circular bodies bearing 
some resemblance to the peltate cone-scales of Cupressus; they 
occur either singly or in cone-like groups. No seeds have been 
found attached to the scales nor is there any proof that they were 
borne by a Conifer. The larger scales, 15 — 25 mm, in diameter, 
are characterised by 8 — 12 radial ridges and a central depression 
( ? umbo), and to the under surface is attached a cylindrical stalk 
usually in the centre but occasionally excentric. The scales are 
sometimes found in almost spherical clusters and another form 
described by Solms-Laubach consists of a cylindrical cone-like 
aggregate 4 cm. x 2 cm. of rather smaller scales without radial ribs 
and characterised by a stout, rounded, peripheral border. 

1 Geinitz (80) PI. ni. figs. 11—15. 

2 Zeiner(06) B. p. 219, PI. L. 

2 Solms-Laubach (84). 
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ALBEETIA. Schimper. 

TMs generic name was given by ScMmper to vegetative 
branches from the Bnnter of the Vosges agreeing in habit with 
shoots of some species of Agaihis but differing in the broader 
insertion of the lamina. For Albertia Endlicher^ substituted 
Haidmgem, Schimper and Mougeot^ figure reconstructions of 
both male and female cones and a single cone-scale bearing a 
median seed. Schenk who examined the original specimens, 
states that the supposed male cone is a young megastrobilus of 
Yoltzia, and Solms-Laubach^, who also examined the material in 
the Strassburg Museum, considers that Schimper’s statement that 
the seed-scale and cones belong to Albertia is 'altogether arbitrary 
and unsupported,’ There would seem to be no reason for connect- 
ing the cones figured by Schimper and Mougeot with the shoots 
referred by those authors to four species of Albertia^, Albertia lati- 
folia is founded on branches bearing fairly large (2*5 x 1 cm.), 
obovate, slightly decurrent leaves with numerous longitudinal stria- 
tionk The branches described as A. ellipica are not distinguishable 
by any clearly marked feature from A, latifolia. Albertia Braunii 
has larger obovate leaves and A. speciosa has broadly linear leaves 
reaching a length of 4-5 cm. There is a very close resemblance 
between the shoots from theBunter beds and those of some forms 
of Ullmannia especially U.friimentaria (Schlot.)®, and it is doubt- 
ful whether any useful purpose is served by the retention of the 
designation Albertia : the descriptions of the reproductive shoots 
are misleading and rest on no substantial basis and the sterile 
branches exhibit no characters by which they can be generically 
separated from Ullmannm. The important point is that there are 
no grounds for regarding the specimens usually referred to Albertia 
as Araucarian other than the uncertain and untrustworthy evidence 
afforded by d similarity to Agathis, The fragmentary impression 
from the Karharbari beds of India assigned by FeistmanteF to 

1 Endlioher (47) p. a03. 

^ Schimper and Mougeot (44) A. H. I. 

® Schenk in Schimper and Schenk (90) A. p. 284. 

^ Solms-Laubach (91) A, p. 75. 

^ Schimper and Mougeot (44) A. Pis. I. — 

® Geinitz (80) PI. m. 
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Albertia is too imperfect to be determined; it may be identical 
with those referred by the same author to VoUzia. 

The abundance and wide distribution of wood with Araucarian 
features in Palaeozoic rocks though, for reasons already stated, 
not admissible as proof of the occurrence of members of the 
Araucarineae, at least shows the great antiquity and predominance 
of the Araucarian type. There can be no reasonable doubt that 
much of the wood described in Chapter xxxiii. as Badoxyhn 
belonged to Araucarian plants, more especially the examples 
furnished by Mesozoic and Tertiary strata. In considering the 
past history of the family the evidence of the wood must be taken 
into account. 

The conclusions drawn from a survey of the fossil records are : 
(i) the type represented by Araiicaria is older than that now illus- 
trated by AgatMs. In other words Araucaria possesses features, 
especially those associated with the megastrobili, Avhich extend 
farther back without departing far from the existing type than is the 
case with Agathis. (ii) The Araucarineae foreshadowed in the later 
Carboniferous and earlier Permian periods were in all probability 
established as a family in Rhaetic times, and in the Jurassic and 
earlier Cretaceous periods the Araucarineae ■were almost cosmo- 
politan and represented by numerous forms, (hi) Such evidence 
as is afforded by Tertiary records, though meagre and often in- 
complete, points to the continued existence of the family in the 
Northern Hemisphere at least in the older Tertiary floras. 



CHAPTER XLVL 

OUPRESSI]N"EAE. 


The published records of fossil Conifers would seem to justify 
the conclusion that the Oupressineae were widely distributed and 
represented by a wealth of genera during the latter part of the 
Mesozoic era particularly in the later Jurassic floras, but on closer 
inspection of the material a student, having any familiarity with 
the external features of recent genera, cannot fail to recognise 
the wholly inadequate nature of the data on which the systematic 
determinations are based. It is undoubtedly true that in the 
later Jurassic and Lower Cretaceous floras Conifers agreeing 
generally in habit and in the possession of appressed imbricate 
leaves with such genera as Cu^ressus, Chamaecyfaris^ and Thuya 
were among the most characteristic types : some have the leaves 
in decussate pairs with an occasional tendency to a spiral phyllo- 
taxis while others possess leaves of the same form but spirally 
disposed. Almost all are sterile and when cones are present the 
form and arrangement of the scales often suggest comparison with 
recent types other than the Cupressineae. In the Chapter on 
recent Conifers attention is called to the inconstancy of leaf- 
arrangement in certain species and to the close resemblance 
between vegetative shoots of plants belonging to different families. 
Fossil coniferous branches referred by authors to the Cupressineae 
afford a striking illustration of the insufficiency of the evidence 
on which sterile impressions have been named. This statement, 
though primarily concerned with Mesozoic records, applies also 
to many Tertiary species. The records of the rocks clearly show 
that European Tertiary floras contained a considerable number of 
Cupressineous types that are now confined to other regions, but 
a critical examination of the older fossils leads to the conclusion 
that in very many cases accurate determination of the affinities 
of sterile branches, superficially resembling existing members of 
the Cupressineae, is impossible without additional information. 
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111 tile absence of well-preserved cones or anatomical data it is 
possible that a comparative examination of cuticiilar membranes 
might furnish useful results. It is, however, onlj rarely that such, 
information can be obtained and the only safe course to follow is to 
use, mth greater freedom than has generally been the practice., 
provisional generic names which do not imply affinities to recent 
genera. Provisional names that have reference only to vegetative 
features should be superseded by designations denoting characters 
of greater taxonomic significance when the necessary information 
is available. As a preliminary to the description of a few selected 
types it may be useful to consider the sense in which some generic 
names have been employed and at the same time to state 
whether the retention of certain names or their use in a modified 
sense is advisable. 

Thiiytes Brongniart. 

Brongniart^ instituted this term for ‘Branches like those of 
Thuya] fruit unknown,’ The name, in the form Thuyites, had 
been used a few years previously by Sternberg and it was adopted 
by Unger^ m Thuites for both sterile branches and cones similar to 
those of the recent genus. Thuytes has been widely used for 
vegetative branches agreeing generally in habit with those of 
Thuya ox Cufressus and some other Cupressineae, but with the 
exception of some Tertiary species the designation has reference 
in nearly all cases to the form and arrangement of the leaves. 
The employment of Thuytes in this wide sense is open to criticism 
on the ground that in accordance with the usual practice specimens 
so named would be considered to be more nearly related to Thuya 
than to any other genus. It is therefore proposed to adopt the 
generic designation TAWtes only for such specimens as afford 
evidence of close affinity to the recent genus and to discontinue 
its use for sterile shoots which suggest comparison not only with 

but also wiih QufTessus, LihocedTus and other genera. 

GUPEESSmOCLADUS. Gen. nov. 

Goeppert’s term Cupressifes^ is retained for fossils which there 
is reason for associating with and should not be employed 

^ Brongniart (28) A. p. 109; Seward (04) B. p. 140. 

2 xjnger (50) A. p. 346. « Goeppert (50) p. 183. 
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in a wider, sense. Eowerbank^ adopted the form Cupressinites' 
for some fossil cones from the London Clay in order to avoid the 
implication of affinity only to Cupressus which is suggested by 
Ciipressites, This generic name would be convenient for Cupres- 
sineous branches had it not been restricted in the first instance to 
cones: to avoid the revival of a term and its employment in a new 
sense it is proposed to adopt the name Cupressinocladus for vege» 
tative shoots agreeing in the habit of branching and in the predomi- 
nance of a. decussate arrangement of appressed leaves with recent 
Cupressineae such as Cupressus, Thuya, Libocedrus and similar 
types. When cones are present which throw any light on generic 
affinity some other term should be adopted. It will, however, be 
found in practice that the choice of the most appropriate name is 
exceedingly difficult; and no sharp line can be drawn between 
certain specimens which conform in part to Cupressinocladus and 
in part to the characters of 

Palaeocyparis Saporta. 

The published illustrations of Conifers included by Saporta^ in 
this genus afiord examples of the inconstancy of leaf-arrangement 
in a single type and demonstrate the impossibility of drawing any 
definite distinction between this genus and Thuytes as used by 
Saporta. With one exception all the specimens from Jurassic 
rocks referred by Saporta to his genus are sterile and in habit 
agree with several recent genera of the Cupressineae particularly 
Gupressus, Ohamaecyparis, and Thuya. In Palaeocyparis are in- 
cluded species previously referred to Echinostrobus, Thuytes, and 
Athrotaxites. The branching is in one plane ; the leaves are stated 
to be usually though not invariably decussate, more or less tri- 
angular, appressed, and imbricate, rarely free at the apex of the 
lamina. The supposed cone described in the case of Palaeocyparis 
a species from Upper Jurassic beds in France, is only 7 
by 9 inm. and it is not clear whether it is a true cone or a vegetative 
bud or perhaps a male flower. The genus is practiGally founded 
on vegetative characters only. An objection to the retention of 
Saporta's term is that several of the specimens may legitimately 
be included in a previously established genus 

^ Bowerbank (40) p. 51. 2 gaporta (84) p. 574, Bis. 202 et seq. 

3 /64U BI. 214. 
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THUITES. Brongiiiart emend. 

As stated on a previous page it is proposed to limit tliis name to 
fossils affording good evidence of close affinity to the recent genus 
Thuya. Among the few examples that appear to fulfil this con- 
dition are those described as Thuya occidentalis L, succima Goepp, ^ 
and Biota orientalis Endl, siiccinea from the Oligocene 

amber deposits on the Baltic coast. SchlechtendaF records 
specimens from Oligocene beds at Weimar, consisting of shoots 
with opposite pairs of leaves, on which a resin-canal is seen below 
the apex, and the remains of male flowers, which he names Thuya 
occidentalis var. thuringica. 

CUPRESSITES. Goeppert. 

Guffessites MacHenryi Baily. 

This name was given ^ to a piece of shoot of Cufressus-lih% 
habit from the Eocene beds of Antrim. Baily’s figure, which 
Gardner says is inaccurate, shows the small scale-leaves as spiral^ 
but the specimens subsequently described by Gardner^ from 
the same locality leave no doubt as to the decussate arrangement 
of the foliage. Gardner adopts the name Cupressus Pritchardi on 
the assumption that the fossil wood from Lough Neagh described 
by Goeppert® as Pinites Pritchardi belongs -to the species which, 
furnished the Antrim specimens : the wood, subsequently referred 
to Cupressinoxylon'^ , affords a typical example of that genus as 
is clearly shown by the photographs reproduced in fig. 715 (p. 188), 
but there is no proof of any connexion between it and the branches 
from the Antrim leaf-beds. The shoots are characterised by 
their slender pinnately arranged branchlets with small decussate 
leaves, and the cones, about 14 mm. long, bear 10 hexagonal 
scales of the Gupressus Yery similar to those of Gupressites 
taxiformis. No seeds were found attached to the cone-scales. 
The abundance of specimens in the Irish beds indicates that this 
Cupressineous species was a common tree in the forests which, 

^ Goeppert and Menge (83) A. p, 43, PI. xv. figs. 199—206. 

Ibid. p. 42, PI. XV. figs. 180— 198. 

® SohlechtendaJ (02) Pis. I., II. 

4 Baily, W. H. (69) p, 361, PI. xv. fig. 5, 

^ Gardner (86) p. 82, PI. XVL figs. 8, 9; PI. xvin, fig. 1; PI. xix, 

Goeppert (50) p. 220. Kraus in Schimper (72) A. p. 376. 


S. IV 
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flourished on the western edge of Europe during the period of 
volcanic activity responsible for the widespread sheets of lava in 
the North-East of Ireland and the Western Isles of Scotland. 

OiipressiUs taxiformis 

This species was founded by linger^ on sterile and fertile shoots 
from Eocene beds in the Tyrol. Many of the sterile branches are 
similar in the form of the linear leaves to Taxus, but other leaves 
are appressed to the axis and free only at the apex, resembling on 
a small scale those of Sequoia gigantea. The cones consist of 
polygonal, peltate, scales probably verticillate and superficially 
similar to the strobili of Gufressus: they are borne on shoots with 
scale-like leaves. The species is recorded by De la Harpe^ from 
the Isle of Wight and several specimens are figured by Gardner^ 
from the Middle Bagshot beds of Bournemouth. The material 
from the latter locality consists of sterile shoots with linear Taxus- 
like leaves from 5 to 15 mm. long and occasionally, on the same 
axis, smaller decurrent leaves, though generally the two forms are 
found on different twigs. The cones occur only 
in connexion with the shoots bearing small ap- 
pressed leaves: the specimen shown in fig. 751 
has been re-drawn from one of Gardner’s figured 
specimens^ : it is characterised by peltate scales 
with a central umbo and a wrinkled surface. 

The evidence in favour of assigning all the ^ ^ 

^ ^ P XQ- / 51 (JU'OV&SS%t6tS 

sterile shoots to the same species is not con- taxifm'mis, (Erom 

vincing, though a similar combination is met a specimen in the 

with in the recent Glyfiostrohus heter^^ British^ Museum; 

phyllus. If we confine our attention to the cones 
they may reasonably be retained in the genus a 

regarded as evidence of the existence in Western Europe in the 
Eocene period of a type closely allied to the genus Cwprmws. 
The position of the sterile shoots cannot be determined without 
further investigation; 

t Unger (47) p. 18, PI vm. figs. 1—3 ; PI. ix. figs. 1—4. 

^ De la Harpe in Bristow (62) PI. V. fig. 2. 

® Gardner (86) p. 26, Pi. i. figs. 1—13; PI, V. figs. 13, 14; PL viL fig. 8; PI. ix. 

■ figs. 22— 26, 28— 30..' > /• 

^ PI. IX. fig. 27. 
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Another Tertiary representative of the recent genus Gupressus 
is that described from the Oligocene amber beds of East Prussia 
as Giipressus sempervirens L. succinm Goepp. and Menge^. This 
species is founded on fragments of sterile shoots with a well pre- 
served male flower showing very clearly the form of the sporophylls. 

CUPRESSINOCLADUS. Gen. nov. 

The following examples of Cupressineoiis shoots that do not 
afford satisfactory evidence of relationship to any particular 
recent genus are given in illustration of the desirability of employ- 
ing such a non-committal generic term as Giipressinocladm, 

(i) Species previously referred to Libocedrus. 

The Cretaceous specimens from the Atane beds of West Green- 
land described by Heer^ sls Libocedrus cretacea are unaccompanied 
by any cones and may, equally well be compared with species of 
Thuya : specimens from the Amboy clays, believed to be identical 
with Heer’s, are assigned to the latter genus by ISTewberry®. 

Gupressinocladus salicornoides (Unger). 

A sterile piece of branch figured by Lindley^ from Provence as 
Thuya is probably identical with Unger’s species recorded by 
Saporta^ from the same locality. The type-specimens on which 
Unger founded the species Thuites salicornoides (fig. 752) are from 
Eocene beds in Croatia^; they do not bear any mature cones and 
cannot be assigned with confidence to any recent genus. The 
flattened shoots bear appressed leaves in decussate pairs and the 
decurrent lamina may reach a length of 1-5 cm. By later authors 
this species, recorded from Styria^, Bohemia^, Switzerland®, the 
Oligocene beds of East Prussia^®, Italy the Miocene of France 
and from other localities'^, is spoken of as Libocedrus, but the few 
examples of cones that have been figured do not exhibit with 

^ Goeppert and Menge (S3) A. p. 45, PL xvi. figs. 218 — 224. 

2 Heer (82) i. p. 49, PL xxix. figs. 1, 2; PL xmi, fig. Id. 

3 Newberry and Hollick (95) p. 53, PL X. figs. 1, la. 

^ In Murchison and Lyell (29) p. 298, fig. B. 

^ Saporta (65^) p. 42, PL i. fig. 4. t Unger (47) p. 11, PL ii. 

^ Ettingshausen (70) p. 39; (88) p. 273. 

® Ibid. (67“) p. 109, PL v. figs. 1 — 7, 14; EngeUiardt (85) PL viii. figs. 27 — 30. 

9 Heer (55) A. p. 47, PL xxi. fig. 2. 

Goeppert and Menge (83) A. PL xy. figs. 175— 177. 

Massalongo (59) p. 153, PL v. figs. 20—23. Marty (08). 

20— -2 
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siiiSficient clearness morphological features that justify the con- 
clusion that the specimens agree more closely with Libocedrus 
than with Thuya ot Thujofsis, The present discontinuous dis- 
tribution of Libocedrus (page 126) is favourable to the view that 
it was formerly much more widely spread, but despite the very 



Pig. 752, CupresHnocladus salicornoides, (After Unger; nat. size.) 

close resemblance between the sterile shoots of the Tertiary 
Conifer to those of some existing species of the genus it would be 
unwise to adopt the designation Libocedrus or Libocedrites, 

Heer^ described fragments from Miocene strata in Greenland 
as Libocedrus Sabiniana including a supposed cone-scale, which 
is too indistinct to be determined. To this species Beust refers 
some petrified wood from the same locality . The sterile specimens 
recorded by Gardner^ from the Woolwich beds of Kent as Libo- 
cedrus adpressa, though, similux to L, salicornoides, uie no doubt 
specifically distinct : they are valueless as evidence of the existence 
of Libocedrus. Laurent^ also records the species from Aquitanian 
beds in the Puy-de-D6me. 

^ Heer (83) p. 58, Pis. lxx., lxxxvi., lxxxvii.; Beust (85) p. 40, Pis. in., v. 

" Gardner (86) p. 25, PI. ii. figs. 17 — ^20. ® Laurent (12) p, 69. 
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(ii) Species previously referred to Thiijopsis. 

Cupressinocladus massiliensis (Saporta). The small twigs de- 
scribed by Saporta from Provence as Thujopsis massiliensis^ and 
compared by Mm with Tlmya occidentalis are very similar to those 
named by the same author T, europaea^: in neither case is there 
any justification for the use of the generic name Thiijopsis, Heer^ 
records T, europaea from Miocene beds in Greenland and in a later 
account adopts the name Biota orientalis on the ground of the 
occurrence of imperfect cones and elongated cone-scales comparable 
with those of Biota {Thuya), but the figured specimens are too 
indistinct to warrant the employment of the generic term Thuites 
in the more restricted sense advocated above. Goeppert and 
Menge^ refer some fragments from the Baltic amber beds to 
Thujopsis europaea, but no reproductive organs are figured. 

(iii) Species previously referred to Thuya or "Thuites. 

Several Jurassic and Lower Cretaceous specimens formerly 
included in Thuites are now transferred to Brachyphyllum on the 
ground that the choice of one or other of these names has fre- 
quently been determined by characters that are both inconstant 
and of little morphological importance. There are, however, 
several examples of Coniferous shoots from Mesozoic and Tertiary 
strata that are clearly distinguished from such types as Thuites 
expansa .{= Brachyphyllum expansum), in which the verticillate 
arrangement of the leaves is not a well marked or constant feature, 
by the very regular disposition of appressed leaves in decussate 
pairs as in recent species of Libocedrus and some other Cupres- 
sineae: for this form of shoot the generic name Cupressinocladus 
is now adopted. 

Cupressinocladus valdensis 

A species described as Thuites valdensis^ iiom a single specimen 
from Wealden beds on the Sussex coast, characterised by decussate 
appressed leaves with a comparatively long basal portion con- 
crescent with the axis of the branch and a free short triangular 

^ Saporta (65) p. 72, PI. i. fig. 6; PI. iv. fig. 2. 

2 /Md (652) PI. 5. 

3 Heer (68) i. p. 90, PI. l. fig. 11; (75) iii. p. 7, PI. i. figs. 13—29. 

^ Goeppert and Menge (83) A. PI. XVI. figs. 215— 217. 

"Seward (95) A. p. 209, PL xx. fig. 6. ' 
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apex, agreeing closely with some forms of Lihocedrm and with the 
younger Tbranches of Frenehpsis. Though accurate determination 
of the position of such specimens is impossible, they afford evidence 
of the fairly widespread occurrence of Conifers in Mesozoic and 
Tertiary strata exhibiting a striking resemblance in habit to 
recent Cupressineous genera. 

Vegetative branches from Miocene beds in Spitzbergen and 
Greenland referred by Heer^ to Ihuites Ehrenswaerdi and T. 
Meriana respectively afford examples of specimens which would 
be more appropriately included in the genus Cupressinocladus. 
Similarly the fragments described by Goeppert and Menge as 
Thuya Mengeana Goepp.^ afford no convincing evidence of generic 
identity with the recent genus. 

(iv) Species previously referred Juniperus or Juniperites. 

Cupressinocladus hjpnoides (Heer). 

The slender sterile branches from the Lower Cretaceous beds on 
the West of Greenland described as Juniperus liypnoides^ afford no 
substantial evidence of relationship to Juniper'us rather than to 
some other member of the Cupressineae or Callitrineae. Specimens 
from the same locality which may be specifically identical with 
J uniperus hyjmoides are described by Heer as J. macilenta^. The 
leaves are very small and occur on the slender axes in opposite 
pairs. Newberry records J. macilenta^ from the Amboy clays 
and states that cone-'scales of Dammara are associated with the 
foliage-shoots, though Hollick in a note to the description says 
that he was unable to find any such scales with the vegetative 
branches. Hollick and Jeffrey® figure specimens from the lignite 
beds at Kreischerville m J. hypnoides and believed them to be 
identical with those described by Newberry as J. macilenta ; they 
also speak of the association of Dammara scales. 

The Tertiary Greenland species J. tertiarius and J. gracilis'^ ^ 
founded by Heer on sterile branches, are equally unsatisfactory as 

1 Heer (71) iii. p. 38, PL ii. %s. 25, 26 ; (82) i. PL i. 

- Goeppert and Menge (83) A. p. 44, PL xvi. figs. 211—214. 

3 Heer (82) 1 p. 47, PL xliv. fig. 3; PL xlvi. fig. 18. 

PL XXXV. figs. 10, 11. ® Newberry and Hollick (95) PL x. fig. 7. 

« Hollick and Jellrey (09) B. p. 61, PL y, figs. 5, 6. 

^ Heer (83) p. 57, Pis. Lxx., on., cyi. 
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records of Conifers closely allied to Juniper us, and the same remark 
applies to Yperites eocenicu described by Ettingshansen^ from 
Haring in the Tyrol. A single male flower figured by Goeppert 
and Menge^ from the Baltic amber as Juniperus Hartmannianus 
may be correctly referred to that genus though other recent genera 
are not excluded. 


EcMnostrobiis Schimper. 

Proposed in the first instance by Schimper^ for Unger’s AtJiro- 
taxites lyeopodioicles, this term was adopted for several sterile 
shoots such as those named by Brongniart TJmytes expansus, 
characterised by the possession of decussate leaves like those of 
Thuya and Cupressus with others agreeing more closely with 
Brachyphyllimi, As the name has reference to the spinous nature 
of the cone-scaleSj and as it is now agreed that Unger’s earlier name 
Athrotaxites may be appropriately employed, Echinosirobus is dis- 
carded. 

PhyUostrobus Saporta. 

This generic name was given by Saporta^ to an Upper Jurassic 
fertile shoot with whorled leaves of the Thuites form bearing a 
single cone compared with those of Libocednis, The impression 
conveyed by Saporta’s figures is that the preservation of the cone 
is too imperfect to warrant the institution of a new generic term. 

Condylites Thiselton-Dyer. 

This name applied to specimens from the Solenhofen slates^ 
has reference to the elbow-like insertion of lateral branches : the 
foliage is like that of Brachyphyllum, and the cones, which are 
imperfectly preserved, are compared with those of Thuya, As in 
the case of Saporta’s PhyUostrobus the cones are too obscure to 
admit of any satisfactory description. 

Athrotaxites XJngeT, 

This name was proposed by Unger® for a branched cone-bearing 
shoot from Solenhofen agreeing in vegetative characters with 

^ Ettingshaiisen (55) PL V. fig. 6. 

^ Goeppert and Menge (83) A p. 39, PI. XIV. figs. 156, 157. 

^ Schimper (72) A. p. 330. ^ Saporta (84) p. 635. 

Thiselton-Dyer (72). ® Unger (49) PI. v. figs. 1, 2. 
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specimens previously figured by Sternberg m Cmiler files. Tbe 
specimen in tbe Munich Museum on which the type-species Athro- 
taxites lycofodioides was founded was examined and re-figured by 
Schimper^ and by Saporta (fig. 753, C)^: the former author 
substituted for Athrotaxites a new genus Echmostrobus in order to 
avoid the implication of relationship with Athrotaxis which he 
was not prepared to accept, and without adequate reason altered 
Unger’s specific name lycofodioides to Sternbergii. Saporta, who 
believed Unger’s type to be intermediate between Athrotaxis 
and Cryfiomeria as regards the features of the cones, retained 
Schimper’s designation Eehinostrobus Sternbergii. Unger^ in sub- 
sequent accounts of Solenhofen plants extended the application of 
Athrotaxites to sterile shoots, and this course was also followed by 
Thiselton-Dyer^ who expressed agreement with Unger as regards 
the resemblance of the fossil cones to those of the recent genus. 
In accordance with the principle advocated on a previous page it 
is suggested that Unger’s generic name should be retained only 
for specimens which afford evidence, other than mere resemblance 
of foliage-shoots, of affinity to the recent genus Athrotaxis : this 
use of Unger’s term has recently been adopted by Halle Most 
of the sterile specimens referred to Athrotaxites by Unger and other 

authors should be transferred to 

4 Fontaine. 

Fontaine® instituted this name for some fertile Coniferous 
shoots from the Potomac formation similar in habit to species in- 
cluded by Saporta in his genus Palaeocyparis and to the genus 
but bearing cones different from those oi Athrotaxites 
lycofodioides. Berry subsequently reduced the number of Fon- 
taine’s species and pointed out that some of his specimens are 
indistinguishable from shoots included in Sfhenohfidium, con- 
chision to which I had been led ^ by a comparison of Wealden 
specimens of Sfhemlefidium Kurrianum with Fontaine’s figures. 
Some of the Potomac examples agree in vegetative characters with 
tho gonm Brachyphjllum, In the absence of any substantial 

1 Schimper (74) A. PL LXXV. fig. 21. 

^ Saporta (84) PL 199. : ■ ^ ® Unger (52) ; ( 542 ). 

^ Thiselton-Dyer (72).' ' . ■ .-S. Halle '^3)' p. '40. ■ 

. f Fontaine (89) B. p.- 239.; ' , ■ ■ Berry (lU). ' ■ \ ^Seward;(95> A^^ 
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grounds for assuming any direct relationship between the Potomac 
Conifers and Atlirotaxis, and in view of the fact that the American 
specimens can be accommodated in previously instituted genera, 
there are no good reasons for retaining Fontaine’s name. 

ATHROTAXITES. Unger emend. 

The Tasmanian genus Athrotaxis (page 150) is one of the existing 
Conifers of which our knowledge of morphological features is very 



Fig. 753. A, B, D, Aihrotaxites XJtigeri, C, Athrota/xites lycopodioides, (A, B, D, 
after Halle; A, nat. size. C, after Saporta; nat. size.) 

incomplete : its restricted range and the striking resemblance of 
the vegetative characters to those of many Jurassic species in- 
chided in Bmchyphyllum suggest antiquity, but palaeobotanical 
records have furnished very little evidence of value in support of 
this conclusion. It is however probable that like several other 
plants now confined to the southern hemisphere Athrotaxis is a 
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survival of a type of Conifer which was widely spread in Jurassic 
floras. ■ ■ 

Athfotaxites lycopodioides Unger ( = Echinostrobus Sternbergii 
Schimp.). 

Reference has already been naade to the vegetative characters 
of this Upper Jurassic species from Solenhofen^. In the crowded 
imbricate leaves and in the blunt stifi branches it agrees very 
closely with Athrotaxis ctipressoides : the globular cones (fig. 753, 
G), though incompletely preserved, also exhibit in the comparatively 
small number of cone-scales and their thick spinous distal ends a 
distinct similarity to those of the recent genus. Nothing is known 
of the seeds. 

Athrotaxites Ungeri Kalle. 

# This species^ founded on fertile specimens from the San Martin 
flora of Patagonia, probably of Upper Jurassic or Wealden age, 
is practically identical with Unger’s type : the branches are more 
slender and the globular cones, 10 — ^15 mm. in diameter, appear to 
be of the same type. The cone-scales have a cuneate base and a 
thick spathulate distal end prolonged into a short pointed apex 
(fig. 753, A, B) ; the thickening of the scales close behind the apex 
recalls the form characteristic of recent cones (cf. fig. 684, N, p. 116). 
As Halle says, the vegetative features (fig, 753, D) of this and the 
preceding type are those of Bmchyphyllum, 


In his memoir on British Eocene Gymiiosperms Gardner^ 
referred to Athrotaxis some of the foliage-shoots and cones from 
Bovey Tracey in Devonshire which had previously been included 
in Sequoia Goidtsiae JLeev : the reasons for the change of genus are 
by no means adequate. Mr and Mrs Clement Eeid^ in their recent 
investigation of the Bovey Tracey material, which they refer to 
an Upper Oligocene age, made a careful examination of numerous 
fragments including a comparison of fossil cuticular 
membranes with the epidermis of both Sequoia md. Athrotaxis 
leaves : they were unable to discover any evidence of the presence 
of representatives of the latter genus. Gardner also assigns some 

t See page 3 12; Unger (49). ^ ^ 13 ) p 

3 Gardner (86) p. 90, PI. vi, figs. 1—9 ; PL x. figs. 6 — 9. 

^ Reid, C. and E, M. Reid (10) p. 171. 
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pieces of vegetative organs and in one case a cGiie to Athmtaxis^ 
but tbe evidence on wbich the species Athrotaxis. ( ? ) subulata^ is 
founded has little value. 


BKACHYPHYLLUM. Brongniart. 

Brongniart^ proposed this name for a Jurassic species^ Brachy- 
phyllum mamillare, founded on sterile branches characterised by 
pinnate branching in one plane and spirally disposed appressed 
leaves with a thick lamina of triangular^ conical, or hexagonal form. 
He afterwards^ extended the term to other Jurassic species and 
called attention to the striking resemblance of the fossil shoots to 
those of Athrotaxis, The photograph of Athrotaxis cupressoides 
shown in fig. 701 (p. 150) afiords a very good idea of the habit of 
Brachyphyllum, Specimens in which the pinnate ramification is a 
conspicuous feature are more like shoots of Thuya or Cupressus, and 
on the smaller branches the leaves may assume a decussate arrange- 
ment. On older branches the leaves are often hexagonal and more 
or less convex, while on the branchlets they are more triangular or 
conical and are free at the apex, which in some forms is bent out- 
wards from the axis (fig. 756). In nearly all cases specimens 
referred to Brachyphyllum are sterile and, except in examples 
where the preservation of the cones is too imperfect to afiord any 
evidence of morphological characters, it is suggested that the 
generic name should be reserved for sterile branches and regarded 
as purely provisional As Saporta^ points out in his account of the 
genus, considerable confusion has been caused by attempts to 
assign species to several positions in the Coniferales on wholly 
insufficient evidence. linger^ figured a fertile specimen from the 
Ehaetic rocks of Franconia, which he referred to Brachyphyllum 
speciosum Miinst., and this was re-figured by Schenk® as 
aperto though as others have pointed out the cones are very 
difierent from those of Palissya: as Nathorst’ says, they have the 
characters of the genus Elatides, and the same is true of some cones 
figured by Saporta® and assigned by him to Brachyphyllum, The 
name Elatides is reserved for specimens characterised by a certain 

1 Gardner (86) p. 43, PL xi. 2 Brongniart (28) A. p. 109. XMd. {4^) A. p. 69. 

^ Saporta (84) p. 310. ® Unger (49) PL v. figs. 3, 4. 

Schenk (67) A. PL xm. figs. 1—13. ^ ? Nathorst (97) p. 34. 

« Saporta (84) PL 165, fig. 1; PL 167, figs. 2, 3; PL 171, figs. 7—9. 
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type of cone (fig. 742) and although typical examples of the genus 
bear leaves difiering in their greater freedom from the axis from 
the more concrescent foliage of Brachyphyllum, it is not possible 
in all cases to draw a definite line between the two forms of shoot. 
Until a few years ago nothing was known as to the anatomical 
features of Brachyphyllum but the researches of Hollick and J effrey^ 
have partially made good this deficiency : these authors investigated 
the structure oi Brachyphyllum macrocarpum Newb. (= B. crassum) 
(fig. 758, G) from the Cretaceous beds of Kreischerville and demon- 
strated a close resemblance in some characters to recent Araucarias. 
They fully recognise that it would be unsafe to assume the presence 
of similar anatomical features in other species, though it is reason- 
able to expect the occurrence of such characters in many species 
not yet found as petrifications. Other examples of shoots of 
the Brachyphyllum habit furnishing information with regard to 
anatomy are B. eathiense Sew.^ and Banc, and a Japanese species 
originally described as Yezonia vulgaris by Drs Stopes and Fujii^ 
and since transferred to Brachyphyllum. As the great majority of 
specimens referred to Brachyphyllum give no anatomical infor- 
mation the generic name is usually applied to fossils exhibiting 
only external features ; it is a form-genus. The introduction of 
anatomical characters, based on the examination of a very small 
number of examples, into a general definition might seriously 
mislead students with regard to the affinities of species known 
only as impressions. On the other hand as some species of Brachy- 
phyllum exhibit anatomical features of diagnostic value the 
definition of the genus may be extended, in certain cases only, to 
include the information furnished by such examples as those de- 
scribed on pages 322— 328. 

The inclusion of some species, the well-known type usually 
referred to Thwites, T. expamus; m Brachyphyllum m a change 
which may be regarded as retrograde, but an examination of 
specimens of that type shows the impossibility of recognising any 
constant verticillate disposition of the leaves such as would justify 
the adoption of Cupressmocladus or some other name implying 

^ Hollick and Jeffrey (09) B. p. 33. 

2 Seward and Bancroft (13) p. 869. 

® Stopes and Eijj w (10) p, 23; Jeffrey (10®). 
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affinity to recent Cupressineae. By slightly extending the use of 
BracJiyphyUum we avoid the danger of giving a false impression of 
affinity and lighten the task of dealing with material which is of 
secondary botanical importance. 

Brashyphyllum expanstim {8texn^ 

In transferring this widely spread Jurassic species, founded by 
Sternberg on a specimen from the Stonesfield (fig. 754), Oxford- 


Ftg. 754. BracJiyphyUum expansum. FiG. 765. Brachyphyllmn expansum. 
(Sedgwick Museum, Cambridge.) (Figured by Feistmantel as Ecliino- 

: strobus expansus.) 

shire, as Thuites expansus^, from Thuites to Bmchyphyllum the 
application of the latter name is extended to include Coniferous 
shoots in which the decussate arrangement of the leaves is more 
apparent than in the majority of species usually referred to 

1 Sternberg (23) A. p. 38, PL xxxvin. figs. 1. 2. For synonymy see Seward (04) 
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BTachyphyUum. Scliimper^ included Sternberg’s species m Echino- 
6*lfo6ws and Saporta^ adopted the designation The 

small amount of evidence with regard to the structure of the cones 
does not afford an adequate reason for retaining the generic name 
Thuites. 

Specimens from Jurassic rocks in India described bj Feist-* 
manteP (fig. 755) as Echinostrobiis expansus, superficially at least 
very similar to the European Thuites expansus, have recently been 
examined by Miss Holden^. The epidermal cells of the small 
decussate leaves are irregular in shape; the stomata are scattered 
but there is an astomatic area down the centre of the lamina. 
The stomata are sunk and have four accessory cells. Miss Holden 
points out that the epidermal features of this Indian type are 
different from those of Bmchyphyllum macrocarpum, B, Munsteri 
and B. affine^ in which rows of stomata alternate with strands of 
sclerenchyma : this difference is legitimately used as an argument 
in favour of retaining the generic name Thuites rather than em- 
ploying Bmchyphyllum, It is, however, as a rule impossible to 
obtain any information with regard to the cuticular features, and 
from the external characters of impressions of foliage-shoots we 
cannot draw any satisfactory line between specimens referred 
to Brachyphyllum md Thuites. Miss Holden’s work affords an 
illustration of the possibility of employing epidermal features as 
a means of separating shoots which in habit appear to belong to 
one generic type. So far as I know we have no data with regard 
to the epidermal structure of the European Thuites expansus Mid 
we cannot therefore say whether the Indian species are identical or 
not with those included in the same species from other regions. 

In habit Bmchyphyllum expmsum agrees with B. mamillare and 
other types as also with recent species of Thuya mdLCupfessusvm 
some examples the branchlets are crowded and in others the 
ramification is much more open; the small appressed leaves are* 
broadly triangular or longer and relatively narrower than in such 

1 Soliimper (72) A. p. 333. ^ Saporta (84) p. 600, PL 209. 

® Feistmantel (76^) p. 69, Pis. IX., X. 

y Holden, R. (15'^) p. 221, PL xi. figs. 2, 5, 6. The specimens examined were 
kindly sent to the Cambridge Botany School by the Director of the Indian Geo- 
d'ogical .Survey. 

® Hollick and Jeffrey (09) B.; Schenk (67) A. 
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species as B. mamiUare or B, crassmyi: the apical portion of the 
lamina is free and may be slightly falcate. In a few cases globular 


Fig . 756. Brachy 2 :>hyllum expansnm^, (The original of FeistmanteFs Packyj^hyllum. 
heteropJiyllum. Calcutta Museum, GeoL Surr. India; nat. size.) 

cones occur on the foliage-shoots characterised by spirally disposed 
scales: in a specimen from the Stonesfield slate described in 1904 
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each cone-scale lias a funnel-like cavity Hear one edge and the 
upper side of the cavity is radially ridgedh No seeds have been 
found in connexion with the cones. The male flowers are longer 
and narrower and consist of numerous sporophylls attached at 
right-angles and expanded distally into a peltate lamina. The 
specimen reproduced in fig. 756 is the original of FeistmanteFs 
Pachyphyllum keterophyllmn^ from Indian Jurassic beds: on the 
stouter axis there are spirally disposed triangular leaf-bases while 
on the smaller branches the leaf-lamina is preserved and appears 
to be thick, sub-falcate, and tetragonal. This specimen is in my 
opinion indistinguishable from that shown in fig. ,755, which 
Feistmantel figures as Echinostrohus expansus^ and both agree 
superficially at least with European examples of Bmchyphylhmi 
expansum, 

Brachyphyllum mamillare Brongniart. 

This specific name^ has been applied to specimens from many 
Jurassic localities and it might well be extended to others regarded 
by authors as distinct species. An accurate specific determination 
of the numerous Brachyphyllum shoots is indeed hopeless without 
other characters than those afforded by impressions and casts. In 
habit the species resembles cupressoides: the branches 

are given off at a fairly wide angle; the leaves are small, fleshy, 
and more or less triangular with a median dorsal keel and usually 
•spirally disposed. There has been some confusion between this 
species and Thuites expansus: the specimen from the 

Yorkshire coast figured by Bindley and Hutton^ under the latter 
name, now in the Manchester Museum, is undoubtedly identical 
with Brongniart’s species. There is a considerable difference in the 
degree of freedom of the upper part of the lamina from the axis; 
in some specimens the leaf is almost entirely concrescent with the 
axis and in others the leaves are more open and attached only by 
the basal part of the lamina. 

Feistmantel figures several specimens of Brachyphyllum from 
Indian Jurassic localities under different names, many of which 
appear to be indistinguishable superficially from B. mamillare. 

^ Seward (04) B. PL ix. fig. 4. ' 

2 Eeistmantel (79) PL xi. fig. 4. ^ Ibid. ¥1. xi. fig. 2. 

^ Brongiiiart (28) A. p. 109. ® Lindley and Hutton (35) xi. PL CLXvn. 
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Among these are some of the shoots referred by him to EcMnostmbus 
expansus'^ and others described as E. rajmahalemis Feist, and 
E. fhomhicus^. An examination of some of the figured specimens 
referred by Feistmantel to Pachyphyllum Pagiophyllum) peri- 
grinum (Lind, and Hutt.) leads me to include them at least pro- 
visionally in B. mamillare. The generic distinction between the 
form-genera BrachypJiyllum and Pagiopliyllum is by no means 
always clearly marked. 

Among many European examples of the Brachyphyllum mmnih 
lare form of Conifer, reference may be made to the illustrations 
by Saporta of the French Jurassic specimens referred to Brachy- 
phyllum Moreauanum Brongn., B. nepos Sap. and a form with 
more slender branches, B. gmcile^. 

Zeiller^ records specimens of foliage-shoots with cones super- 
ficially resembling those of Seqmia from Lower Jurassic beds in 
Madagascar which he assigns to Brachyphyllum and compares with 
B. nepos. 

Brachyphyllum spinosum Seward. 

A Wealden species® founded on several well preserved specimens 
from the coast of Sussex characterised by the possession of short, 
thorn-like, lateral branches clothed with fleshy leaves with a 
longitudinally striated lamina of the usual Brachyphyllum type. 
Two or three of these spinous shoots occur at the same level on the 
parent-axis. The stouter branches are covered with spirally dis-. 
posed polygonal leaf-bases, while on the more slender branches the 
broad and short leaves assume a more or less regular decussate 
disposition. In leaf-form and branching-habit this species agrees 
closely with several other examples of the genus, but the spinous 
shoots are a distinctive feature, 

Brachyphyllum obesum Heex. 

This species originally described from Lower Cretaceous strata 
in Portugal® is represented in the Potomac f ormation by specimens 
• referred by Fontaine^ to Brachyphyllum crassicaule, and there are 

1 Feistmantel (76^) PI. IX. figs. 6—9; PL X. figs. 3, 4. 

2 Ibid. (79) PL XII. figs. 2, iO; (82) PL III. fig. 6. 

® Saporta (84) Pis. 165—172. ^ ZeiUer (00) p. 3. 

® Seward (95) A. p. 215, PL xvii. 6 Uger (81) p. 20, PL xvii. 

7 Fontaine (89) B. p. 221, PL c. fig. 4; PL cix. figs. 1 — 7. 
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many specimens recorded both from Jurassic and Cretaceous rocks 
which differ in no important features from Heer’s 
t}^e (fig. 757). An examination of branches of 
the recent species Cupressus Lawsoniana shows 
a considerable difl'erence in the form of ramifi- 
cation depending on the development of nume- 
rous or few lateral shoots^ and such differences 
afford an argument against the use of distinctive 
names such as B. obesiforme and others adopted by 
Saporta^ for Portuguese specimens. Apart from 
the absence of thornlike branches this species is 
hardly distinguishable from B. spinosum. 

BRACHYOXYLON. Hollick and Jeffrey. 

This generic name was proposed for pieces of wood from the 
Middle Cretaceous beds in Staten Island originally regarded as that 
of the plant which bore the foliage-shoots described from the same 
locality by Hollick and Jeffrey as Brachyopkylluni macrocar^mm, 
but as the result of further study it was recognised that lack of 
proof of any connexion between wood and shoots necessitated a 
new genus^. 

Brachyoxylon notabile Hollick and Jeffrey. 

The tracheids of the xylem have separate pits usually in a 
single row, but they are occasionally flattened and very rarely 
there are two alternate rows of polygonal pits (fig. 758, A). 
Normally there are no resiniferous cells in the xylem though these 
occur in wounded specimens. The medullary rays are said to have 
numerous pits on the radial walls. Jeffrey has described in detail 
the wound-reactions of Brachyoxylon^: fig. 758, B represents part 
of a transverse section showing a mass of resiniferous parenchyma 
and a row of resin-canals stretching tangentially from the wounded 
area. Wood exhibiting the same normal and traumatic features is 
mentioned by Jeffrey from Martha’s Vineyard and the Potomac 
formation. ' It is pointed out that differs from typical 

Araucarian wood in the frequent occurrence of circular and separate 
bordered pits and in the power of developing traumatic resin-canals. 

1 Saporta (94) B. p. 176, PL XXXI. 

“ HollicL and Jeffrey (09) B. p. 54, Pis. xin., xiv. 



Fig. 757. Brachy- 
phyllum ohesum. 
(After Heer; nat. 
size.) 


Jeffrey (06). 
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In the comTbiiiation of the Arancarian and the common type of 
tracheal pitting Brachyoxylon agrees with some other genera of 
Mesozoic woods, e.g. species of Gedroxylon, and in the formation of 
tranmatic resin-canals it resembles Abies and other genera of 
Abietineae as also Seqmia, Jeffrey’s view is that Brachyoxylon is 
undoubtedly Arancarian though in its wound-reactions it differs 
from the present representatives of the Araucarineae : in this 
respect he considers the genus to hold the same relation to recent 
Araucarineae Sis Sequoia holds in respect of its power of developing 
resin-canals in response to injury to- other allied genera in which 
no such reaction occurs. Admitting the Arancarian arrangement 
of pits on some though by no means on all tracheids, the sum of 
characters hardly warrants the inclusion of Brachyoxylon in the 
Araucarineae: as in several other Mesozoic genera. there is in some 
degree a mixture of characters indicative of a generalised type and, 
while Jeffrey sees in this combination evidence of the derivation of 
Arancarian Conifers from an Abietineous ancestry, I venture to 
regard the spasmodic recurrence of the Arancarian type of pitting 
as a partial persistence of characters inherited from an ancient 
Arancarian stock. 

Miss Holden^ has described some wood from Cliftwood, New 
Jersey, which she refers to Brachyoxylon, differing from that 
described by Jeffrey in the presence of fibres in the secondary 
phloem, a feature associated generally with Cupressineae, Taxo- 
dineae, and the Podocarpineae. In the Cliffwood material the 
medullary rays are said to have smooth walls, a feature in which 
they differ from those of the Abietineae. 

BRACHYPHYLLUM. Brachy'phyllum crassum Lesquereux. 

This name was given by Lesquereux^ to a large branched 
vegetative shoot from the Dakota group, and for specimens, 
believed by Hollick to be identical with Lesquereux’s species, from 
the Amboy clays Newberry proposed the name macrocarpum^: this 
specific name was not published and in the Amboy clay mono- 
graph^ the designation Brachyphylluni crassum h adopted. The 

^ Holden, R. ( 14) p. 171. ^ Lesquereux (91) p. $2, PI. ii. fig. 5. 

^ Hollick in Newberry and Hollick {95) p. 51 (footnote). 

^ Newberry and Hollick (95) p. 51, PI. vii. figs. 1—7, 


XLVl] 


BRACHYPHYLLUM 


325 


same name was given by Tenison-Woods^ to a form of JSmcA^~ 
fhyllmn from Queensland in 1883^ the year in which Lesquereux 
published the name Tlmites cmssus^ for the Dakota specimens 
afterwards transferred by him to Bmchyphylhmi. Neither author 
gave an illustration of the type-specimen and the Australian type 
is still mifigured, but Lesquer'eux’s type is illustrated in the Dakota 
Flora. It would therefore seem reasonable to retain the specific 
name crassum rather than to adopt the designation macrocarpura 
revived by Hollick and Jeffrey. This species was found in the 
Middle Cretaceous beds in Staten Island in a condition which 
enabled Hollick and J eff rey to supply important information with 
regard to anatomical characters. In their preliminary account® of 
the foliage-shoots these authors included in Brachyphyllum macro- 
car pum some wood exhibiting well-defined characters suggestive 
of Araucarian affinities, and Jeffrey^ in another contribution speaks 
of the wood as that of Brachyp)hyllum. In a subsequent description 
of the Staten Island material the authors^ state that they are no 
longer in a position to affirm that the fragments of wood belong 
to Brachyphyllum. This change of view is important as it was from 
the characters of the wood that some of the arguments in favour of 
an Araucarian affinity of the species B. macrocarpum were derived. 
The structural features of the foliage-shoots alone, though in some 
respects agreeing with those characteristic of recent Araucarineae, 
are not known in sufficient completeness to settle definitely the 
precise position of the species. 

The foliage-shoots have triangular, appressed, leaves identical 
in the form of the lamina with that in many Jurassic species of 
Brachyphyllum (fig. 758, 6), and in the method of branching as 
also in the shape of the ultimate branchlets the specimens agree 
with typical representatives of the genus. The branches have a 
large pith containing nests of sclerous cells: external to the vascular 
tissue is a ring of resin-canals and a deep-seated periderm, beyond 
which are other canals belonging to the adnate leaves. Strands of 
stereoine occur immediately below the epidermis and these are 
responsible for the longitudinal striations which often characterise 

1 Tenison-Woods (83). ^ Lesquereux (S3) p. 32. 

3 Hollick and Jeffrey (06) p, 200. t Jeffrey (06). 

^ Hollick and Jeffrey (09) B. p. 55. 
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impressions of Brachyphyllmi leaves. In the younger branches the 
vascular tissue consists of separate bundles aod a gap is formed on 
the exit of the single leaf-trace: the brace divides in the outer 
cortex into a number of fine strands ‘ which finally become lost in 
a continuous band of transfusion- tissue' beneath the palisade 
parenchyma^. No details are given with regard to the pitting of 
the tracheids or the structure of the medullary rays, but the 
authors state that the phloem showed no indication of the presence 
of any thick-walled fibres. In a later paper J effrey^ states that in 
older stems of Brachyphyllum crassmn the pits are flattened by 
mutual contact though in younger branches bhis feature is often 
not distinguishable. A single specimen is described as probably 
a cone of BracKyphyllmyi^: this is, however, much smaller than 
any cone previously recorded in connexion with. Brachyphylluyn 
shoots and the anatomical data do not furnish any proof of its 
morphological nature. ' 

The species is recorded from the Magothy formation^, Clifiwood, 
and from the Raritan formation; Berry also describes a large 
example from bhe Woodbine formation, Texas, as B. macrocarpum 
var. formosum^. It is practically impossible to distinguish the 
present species so far as external features are concerned from such 
species as B. obesum Heer, B. cmssicaule Font, and others®. 

Brachyphyllmn eathiense Seward and Bancroft. 

The type-specimen of this species was originally figured by 
Miller as an "imbricated stem’ from Upper Jurassic rocks in the 
North of Scotland'^: it consists of a branched shoot bearing in 
places some broadly triangular imbricate leaves with longitudinal 
ridges on the surface of the lamina. The pith includes some 
scattered thick- walled elements: no information of importance was 
obtained as to the structure of the vascular tissue of the stele. The 
short fleshy leaves have a well-protected epidermis succeeded by 
palisade-tissue and groups of hypodermal fibres while the rest of 
the mesophyll consists of parenchyma with secretory sacs and 

^ For figures, see Hollick and Jeffrey (09) B. ^ Jeffrey (10®) p. 770. 

® Hollick and Jeffrey (09) B. p. 37, PL ix. figs. 5, 6; PI xi. fig. 3; PI. xiv. fig. 3. 

f Berry (05) p. 44,; (06) p. 168; (IP^ 

5 (12®) p. 392, PI. XXX. « Seward (95) A. p. 218. 

^ Seward and Bancroft (13) p. 869, PL I. figs, 2— 4. 
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portions of leaf-traces. The most striking feature is the occurrence 
of reticulately pitted^ isodiametric tracheids, closely resembling 
those in recent Araucarian leaves and in Bmchyphylhim cmssum. 
Stomata were found on some of the leaves agreeing in the possession 
of four accessory cells (fig. 724, A, page 216) with those described 
by Jeffrey^ and Thompson^ in B. crassum. Though comparable with 
Araucarian leaves in the structure and distribution of the trans- 
fusion-tissue and in the branching leaf-traces, there is hardly 
sufficient evidence to warrant any positive statement with regard 
to the relationship to recent genera of the American and Scottish 
species. 

Brachyphyllimi indgafe 

In their account of Upper Cretaceous plants from Hokkaido, 
Japan, Drs Stopes and Fujii^ instituted a new genus Yezonia for 
some petrified shoots which they suggested should be placed in a 
special family of CTymnosperms. The specimens of foliage-shoots 
they described as Yezonia vulgaris and for a cone, which they con- 
sider may belong to the vegetative branches, the generic name 
Yezostrobus was proposed. The slender fohage-shoots bear appressed 
leaves, apparently spirally disposed, agreeing closely with those of 
recent Cupressineae in their form and relation to the axis; but in 
the absence of impressions their surface-features cannot be clearly 
determined. Anatomically the shoots agree very closely with 
Brachyphyllum crassum: the pith contains groups of sclerous cells; 
the leaf- traces branch repeatedly in the base of the leaf, and trans- 
fusion-tissue is abundant in the mesophyll. The secondary xylem 
shows uniseriate separate pits on the tracheids, and the medullary 
rays are 1—2 cells in depth. Jeffrey^ drew attention to the striking 
resemblance between Yezonia and Bracliyphyllum crassum and 
fully justified his substitution of Brachyphyllum for the new genus. 
Dr Stopes^, while agreeing with this conclusion, points out that 
evidence furnished by fructifications can alone settle the question 
of generic identity; she states that the supposed cone attributed 
by Hollick and Jeftrey to differs widely from 

which may be the cone of the Japanese species. The 

^ Jeffrey (10®) p. 768, PL LXV. jSg. 6, ® Thompson (12®) PL vi. fig. 12. 

® Stopes and Pujn ( 10) p. 28i ^ Jeffrey (10®). 

^ Stopes (11®) 
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American cone may, however, be a vegetative bud, and nothing is 
known as to its seed-bearing appendages. Yezostrobus has not been 
proved to have any connexion with the foliage-shoots oi Bmchy- 
2 )hylkmi. Disregarding the two cones, there can be no donbt as to the 
very close similarity between the American and Japanese shoots. 

TAXODITES. Unger. 

This generic name, adopted by Endlicher^ from Unger, is 
employed for fossil species believed to be nearly related to the 
recent genera Taxodium and Glyptostrobus. Eeference is made in 
the chapter on Coniferous woods to supposed examples of these 
genera. The separation of the two recent Conifers is based on 
features which cannot be applied to fossil impressions and even in 
the case of the existing types Beissner^, following Bentham and. 
Hooker, does not accept the Far Eastern species referred by 
Endlicher to Glyptostrobus as representatives of a distinct genus, 
but includes them in Taxodium. Heer describes some fragments 
of shoots from the Lower Cretaceous of Greenland as Glyptostrobus 
gfoenlandicus\hvLt these are of little or no value as trustworthy 
records. Similarly his species G. intermedius from the Patoot beds^ 
founded on dimorphic, sterile, shoots affords no substantial evi- 
dence of afiSinity to Taxodium or Glyptostrobus. * 

Taxodites europaeus Brongniart. 

This species was first described by Brongniart^ from Tertiary 
beds in Greece. The branches bear leaves varying in size and form, 
some being appressed and triangular while others are more elongate 
and freer from the axis: the oval or globular cones, with a maximum 
diameter of 15 mm., consist of 18—20 scales agreeing in their rounded 
crenulate edges and radially grooved surface with those oi Glypto- 
strobus. Brongniart states that this species occurs also in Germany, 
Bohemia, and at Oeningen. Heer® figures good examples of vege- 
tative shoots and cones as Glyptostrobus europaeus from Oeningen; 
the scale-leaves are decurrent and the oval cones have semi- 
circular scales with 6— 8 grooves (fig. 759). This is described as 
one of the commonest fossils in the Swiss deposits and, as Heer 

^ Endlicher (47) p. 278. Beissner (91) p. 148. 

Heer (75) ii. Pis. xvi., xx., xxn. ^ Ibid. (75) ii. PL m. 

- Brongniart (33), ^ 
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says, it bears a striking resemblance to tke existing Chinese type 
Glyptostrobiis heteropliyllus. linger^ describes well 
preserved specimens from Greece and the species 
is recorded, on the evidence of cones as well as 
sterile shoots, from Leoben^ and other localities in 
Styria®, also from Miocene beds in Bohemia^. 

Laurent^ examples from Aquitanian beds 

in the Puy-de-D6me and Saporta and Marion® 
refer to Glyptostrobus europaeus fragments of sterile 
branches and an imperfect cone from Pliocene beds 
in the Province of Ain and mention the occurrence 
of the same type in Pliocene strata in the valley 
of the Arno. Vegetative shoots are recorded from 
Tertiary beds in Bosnia'^ and Nathorst® found the 
species in Arctic Ellesmere Land. The sterile frag- 
ments figured by Goeppert and Menge^ from the 
Oligocene beds on the Baltic coast, though possibly correctly 
determined, afford no proof of affinity to the genus Glypto- 
strobus. Some very good specimens from Eocene beds at Beading 
are described by Gardner^® as examples of this species but the 
cones are immature and do not furnish convincing evidence of 
close relationship to the recent genus. The same remark applies 
to specimens figured by this author from Bournemouth. Specimens 
from the latter locality, characterised by their long slender branches 
with spirally disposed leaves having long decurrent bases and pro- 
jecting apices, are referred to a distinct species Taxodiumeocaenicum 
and compared with the Floridan Conifer Taxodium distichum var. 
imbficataria Mett. Gardner points out with reason that specimens 
described by Heer^^ from Miocene beds in Greenland and Alaska 
SjB Glyptostrobiis europaeus and from rocks of the same age in 

^ Unger (67) PI. ic , ^ Ettingsliaixsen (88^) PL n. 

3 /6iA (90) Pl i. 

^ (67^) Pis. X., XL; Velenovsky (81); Unger (52) PL xxxiv. 

^ Laurent (12) Pis. V., VI. 

® Saporta and Marion (76) Pis. xxiiLj XXXVii. 

Engelhardt (12) Pis. xxxii., xxxvi., xxxvii. ® Nathorst (15^). 

® Goeppert and Menge (83) A. PL xvi. 

Gardner (86) Pis. iiL, IV., XXIV. 

Heer (68) i. Pis. IIL, XLv.; (71) iii. Pis. i., iii.; (77) i. Pis. xi.,xit., xxvi.; (78) 
Pis. ix.,xiii.; (83) P1s.xxx.,,'lxxv. 



Fig. 759. Taxo- 
dites europaeus. 
(After Heer; 
nat. size.) 
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Spitzbergen as ff. be fragments of Conifers more 

closely allied to /Segwom. 

Tbe fossils originally referred by Lesqiiereux^ to Glyptostrobus 
from tbe Dakota group were afterwards transferred by 
bim to Frenelites Reichii, at a later date removed by Newberry to 
Sequoia and finally described by Jeffrey^ as Geinitzm gracillima. 

Neglecting records based on sterile specimens only it is clear 
that Conifers closely allied to Taxodium and especially to Glypto- 
droius hetefophyUus of China were abundant in the Tertiary floras 
of Europe. 

Taxodites yniocenimm (== Taxodium distichum fniocenicum Heer). 

Numerous specimens of branches and some male and female 
flowers have been described by Heer^ from Miocene beds in Green- 
land^ Spitzbergen, Grinnell Land, Northern Siberia/ and Sachalin 
Island as Taxodium distichum miocenicum. Though in certain cases 
the material is too imperfect to determine with accuracy, some of 
the fossils bear a striking msemhlB>nce to Taxodium distichum both 
as regards vegetative features and cones. In this species Heer 
includes specimens originally named by Sternberg Phyllites dubius 
and afterwards transferred to Taxodium, The shoots bear di- 
stichous, linear leaves, reaching a length of 2 cm. and 2 — 3 mm. 
broad. The absence of a decurrent base is spoken of as a character 
distinguishing Taxodium from Sequoia Langsdorfii. Specimens 
from Grinnell Land now in the Dublin Museum described by Heer 
as Taxodium distichum miocenicum leaves contracted at the 
base but not decurrent, A specimen from Grinnell Land said to be 
a male inflorescence^ consists of an axis bearing a few oval buds 
3 mm. long which may possibly be groups of microsporophylls, but 
the figures are far from convincing. Nathorst^ speaks of the 
occurrence of foliage-shoots, flowers, and seeds in the Tertiary 
Taxodium shales of Spitzbergen. Ettingshausen® figures shoots 
and flowers from Bilin m Taxodium duhium which are in all 
probability closely allied to the recent species. Goeppert and 

^ Newberry and Hollick (95) PL IX. ^ (n), 

3 Heer (68) i. Pis. n., xn., xlv. /(71) Pis. in., iv., etc. ; (77) Pis, xm., xxv.; 
(78) Pis. vin., ix. ; (83) Pis. Lxx., etc. 

^ Heer (68) i. PL 11 .; Scliimper and Schenk (90) A. p. 294, fig. 203 . 

5 Nathorst (IP) p. 223. « Ettingshausen (67^) PL x. 
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Menge^ refer some detached leaves from the Baltic amber to 
Taxodium and a cone is referred to Taxodites Beclcianus 

but without any clear evidence of affinity to the recent genus. 
Lingelsheini^ records some wood from Tertiary rocks in Silesia 
which he refers to Taxodium and at the same locality he found 
masses of pollen sonie of which he assigns to that genus. Engel- 
hardt and Kinkelin^ describe cones of the Taxodium type as 
Taxodnmi distichum var. pliocenicum from the Frankfurt basin, 
Heer’s species is also recorded from several other Tertiary 
floras^ and, despite the fragmentary nature of the material, there 
is good reason for regarding the evidence as an indication of the 
widespread occurrence of a Conifer in Tertiary Europe closely 
related to the Swamp Cypress of North America. The species is 
stated to be abundant in Pleistocene beds in North America from 
New Jersey to Maryland, Virginia and elsewhere on the eastern 
side of the continent^; it is represented by deciduous twigs, cones, 
seeds, stumps, and knees its occurrence points to the existence 
of Cypress swamps over a wide area, also to the migration of the 
existing species towards the south. 

CUNNINGHAMIOSTROBUS. Stopes and Fujii. 

Cunninghamiostrobus Stopes and Fujii. This genus 

is founded on a single detached cone from Upper Cretaceous rocks 
at Hokkaido in Japan which in size and form agrees with cones of 
Cunninghamia; and the anatomical features of the cone-scales 
support this comparison. The cone, 2 x 3 cm., is intermediate in 
size between thorn ot Cunninghamia. sinensis {cf. 6.g. 684, K) and 
C. the scales being more like those of C, sinensis \ they 

are 9— 10 mm. across and characterised by the presence of a 
median pad of tissue projecting slightly from the upper surface 
presumably close to the attachment of the ovules, but no ovules 
or seeds were found and the open habit of the cone indicates that 
the seeds had been shed at the time of fossilisation: three pro- 

^ Goeppert and Menge (83) A. PI. xvi. figs. 227—229. 

- Lingelsheim (08) p. 34. 

® Engelhardt and Kinkelin (08) Pi. xxni. figs. 19— 21. 

* Squinabol (92) PI. XVI.* Berry (09) p. 22, fig. 1. 

5 Berry (07^); (OO^); (12^); (15). " ^ ^ Ihid, (OO'^),, figs. 1, 2. 

^ Stopes and Fujii (10) p. 45, PI. V. figs. 27— 34. 
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tnberances on a scale at the apex of the cone may represent aborted 
ovules though the nature of these is problematical Near the base 
of a cone-scale there is a single transversely elongated vascular 
bundle which subdivides higher in the scale into a series of normally 
orientated vascular strands, and in one scale a much smaller bundle, 
probably an ovular trace, was found immediately above the main 
strand. The parenchymatous ground-tissue contains a few sclerous 
elements and several resin-canals, the larger ducts forming a series 
across the scale, and near the base a single large canal occurs below 
the broad vascular bundle as in Gunninghamia, Groups of trans- 
fusion-tracheids occur between bhe vascular strands. 

The preservation of the tissues of the cone-axis is not good 
enough to throw any light on the question of affinity and it is from 
the morphology of the seedless scales that any conclusions must 
be drawn. The cone-scales show no indication of a division into 
the two organs characteristic of the Abietineae nor is there any 
evidence of a ligular outgrowth like that of an Araucarian scale. 
The resemblances in both form and anatomical characters to the 
sporophylls of Gunninghamia exhibited by the fossil cone appear 
to be such as to justify the employment of a generic name implying 
close relationship. 

Cunninghamites PresL 

The employment of this name by many authors for sterile 
branches {e.g. fig. 805) superficially resembling foliage-shoots of 
Gunninghamia sinensis suggests an affinity which is not supported 
by any substantial evidence and while in some cases the fossils may 
belong to plants closely allied to the recent genus, there is no 
definite justification for assuming such alliance. The Lower 
Gretaceous species of Gunninghamites zjxdi similar forms are there- 
fore relegated to Halle’s genus Elatocladus, 

MOEICONIA. Debey and Ettingshausen. 

This generic name was applied by Debey and Ettingshausen^ 
to some obscure impressions from the Gretaceous beds of Aix-la- 
Chapelle which they described as portions of a plant 'incertae 
sedis’; the specimens superficially resemble the pinnae of a fern 
wdth broadly linear pinnules, but the occurrence of curved lines 
^ Debey and Ettingshausen (55) B, p. 239, PI, vii. figs. 23 — 27. 
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at riglit-angles to the long axis of the pinnules (fig. 760) suggested 
that some at least of the vein-like markings might be the boun- 
daries of small scale-like leaves similar to those of Lihocedms and 
other Conifers. Saporta^, in his reference to the genus in an account 
of the Sezanne flora, assigns Moriconia to the Cupressineae, a 
determination in accordance with the hahit of the foliage-shoots, 
though in the absence of reproductive organs it is impossible to 
fix its position more precisely. The characteristic features are the 
pinnate branching, the flattened form of the branches, and the 
geometrically regular decussate short and broad leaves. The genus 
is recorded only from Lower and Middle Cretaceous rocks. 

Moriconia cyclotoxon Debey and Ebtingshausen. 

This, the type-species, is recorded from Cretaceous rocks at 
Aix-la-Chapelle, from the West coast of Greenland and the Atlantic 
coastal plain. Heer^ figured an imperfectly preserved specimen 
from Disco as Pecopteris kudlistensis in which 
an indication is given of the occurrence of the 
actual leaves, but some years later^ he de- 
scribed well preserved examples as Moriconia 
cyclotoxon, and, as the result of an inspection 
of drawings supplied by Debey, identified them 
with the type-species. The same type is re- 
corded from the Amboy clays (fig. 760)^ Staten 
Island^ and Block Island. As Hollick points 
out, a large impression included by Heer in Fig. 760 . Mmiconiacy- 
Moriconia should rather be referred to Brachy- dotoxon. ( After New- 
‘phyllum : in the arrangement of the leaves and in ^ and Hollick; 

the form of the short and blunt lateral foliage- 
shoots Afoncomh agrees closely with some examples of Brachy- 
phyllum crassum^ in which the leaves appear to be regularly de- 
cussate. The leaves of Moriconia ei>m wholly appressed and the 
upper edge of the lamina is rounded and almost truncate; a median 
line, possibly due to the presence of a dorsal keel, runs down the 

middle of the exposed broad surface of the shoots. 

' 

1 Saporta (68) A. p. 301. ^ Heer (75) ii. p. 97, PI. XXYI. fig. 18. 

® 76ic!. (82) i. p. 49, PI. xxxni.; (83) Pis. Lin., iiv. 

* Newberry and Holliofc (95) p. 56, PI. X. 

= Honick(06) Pl. in.; BeiTy (03) pi..XLVin. « Berry (00) PI. ix. fig. 1. 
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CEYPTOMERITES. Bunbury. 

Tlie species Cnj'ptomerites dimricatus, for which Bunbury ^ pro- 
posed this generic name, is more probably Araucarian than a type 
allied to Cryptomeria: the choice of the term was suggested solely 
by vegetative characters and Bunbury recognised that these agreed 
with species of Araucaria as well as wit^ Crypomeria, The designa- 
tion should be restricted to fossils which there is good 

reason for believing to be allied to the recent genus. 

Cryptomerites du Noyeri (Baily). 

Baily^ figured a sterile piece of foliage-shoot from Eocene leaf- 
beds ill County Antrim Sequoia du Noyeri which Gardner^ sub- 
sequently stated to be identical with specimens obtained from the 
same locality bearing cones similar to those of Cryptomeria. 
Gardner described the Irish specimens and others from Mull as 
Cryptomeria Sternbergii (Goepp.), the specific name being adopted 
because he considered some examples figured by Ettingshausen^ as 
Araucarites Sternbergii Goepp. to be identical with the Irish fossils, 
though most of the specimens described by authors, including the 
author of the species, 2 .^ Aratwariies Sternbergii are believed to be 
identical with Aramarites Goepperti Sternb. In these circumstances 
it seems desirable to employ the specific name du Noyeri used by 
Baily. Gardner’s material consists of foliage-shoots agreeing in 
their spirally disposed leaves, 4 — 7 mm. in length and falcate in 
form, with branches of some species of Araucaria, Dacrydi%mi, and 
Cryptomeria japonica. The occurrence of associated cones, in some 
cases attached to the vegetative shoots, affords fairly good evidence 
in support of comparison with Cryptomeria. The sub-globose cones, 
15—20 mm. in diameter, consist of a comparatively small number 
of scales attached by a narrow base and gradually widening towards 
the distal edge which is deeply fringed. The general appearance of 
the cones, especially those from Glenarm in Antrim, is similar to 
those oi Cryptomeria {cf. fig. 684, M) and taking into account the 
characters of the sterile branches the assumption of affinity to that 
genus appears to be well founded, though actual proof of close 
relationship is lacking. Gardner incliideB in Cry ptoyjmria Stembergii 

1 Bunbury (51) A. p. 190, PI. xiu. fig. 4; Seward (00) B. p. 287. 

2 Jggypj ^ Gardner (86) p. 85, Pis. X., XX., XXI. 

^ Ettingsiiausen (55) PI, V. 
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specimens figured by Etfcingsliausen from Monte Promina asdmu- 
mrites Stef fiber gii and some of the impressions from Greenland re- 
ferred by Heer^ to Sequoia Stemhergi, The Miocene fragments figured 
by Heer afiord no evidence of affinity other than that of leaf-form, 
and the use of the term Grypomentes should therefore be avoided. 

If the Eocene plant is correctly regarded as closely allied to 
Cryptomeria it supplies another striking illustration of the change 
in the geographical distribution of Conifers since the early part of 
the Tertiary period. 

CEYPTOMERIOPSIS. Stopes and Eujii. 

Gryptomeriopsis antiqua Stopes and Fujii. The name Crypto-’ 
meriopsis^ was proposed for some petrified twigs from Upper 
Cretaceous beds in Japan resembling in habit and structural 
features the recent Conifer Gryptomeria japonica. The xylem of 
the axis consists of tracheids with uniseriate separate, circular, 
bordered pits; there are no resin-canals and no xyleni-parenchyma ; 
the presence of the latter tissue is recorded by Suzuki in a second 
Japanese species G, mesozoica^. The medullary rays are usually 
one-cell deep in the type-species and there are a few (1 — 3 in 
C. mesozoica) oval pits in the field. In G. antiqua the phloem is 
said to consist of soft tissue only, but fibres occur in G. mesozoica. 
An undivided leaf- trace supplies each leaf. The four-sided leaves 
are characterised by the presence of three canals, a large central 
canal below the vascular bundle and two lateral ducts; the vascular 
bundle is accompanied by well-developed lateral groups of trans- 
fusion-tracheids. The leaves of G. mesozoica differ in a few details 
from those of the type-species. Prof. Jeffrey^ maintains that 
Gryptomeriopsis is generically identical with Gemfem as described 
by Hollick and Jeffrey from Staten Island and should be included 
in the Araucarineae. Dr Stopes® adheres to the view that the 
Japanese fossils are closely allied to Gryptomena afford no 
evidence of affinity to Araucaria: thQ structure of the xylem shows 
no Araucarian features in the pitting of the tracheids and, while 
accurate determination of systematic position must depend upon the 
evidence of reproductive shoots, the evidence of the vegetative shoots 
favours comparison with Gryptomeria rather than with Araucaria. 

. Heer (75).iii. Bl. ii. %s. 

2 Stopes and Fujii (10) p. 52, PI. i. fig. ll; Pi. vi. figs. 35—41. 

3 Suzuki (10) p. 185. ^ Jeffrey (10®) p. 
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It has already been pointed out that there is good reason for 
treating the three existing genera Gallitris, Widdfingtonia, and 
Actinosirobus as members of a distinct family. The genus Tetm- 
clinis, as Saxton^ has shown, while agreeing with the Callitrineae 
ill certain features, exhibits a closer resemblance in its gametophyte 
to the Cupressineae and is regarded as a type connecting the two 
families Cupressineae and Callitrineae. So far as external characters 
are concerned, and these are the features from which the palaeo- 
botanist is compelled fco draw such conclusions as he can, TetracUnis 
falls into line with the Callitrineae. The discontinuous distribution 
of the recent species of these four genera suggests antiquity and a 
former more extended range. Palaeobotanical literature contains 
numerous records of Widdringtonia, CaUitris, Frenela or Frenelites 
based in many cases on sterile shoots and sometimes on cones and 
seeds more or less closely resembling those of recent forms. The 
generic name Frenela has now been discarded in favour of Callitris : 
it was proposed by Miquel in 1826 to avoid confusion between 
Callitris md Calythrix, the latter being the name of a M 3 u:taceous 
genus. An inspection of the published figures of supposed fossil 
representatives of the Callitrineae shows that the name Widdring- 
tonia or Widdringtonites has sometimes been applied to fertile 
shoots with cones differing in the number of the valves from those 
of recent species and more closely resembling the cones of CaZtem, 
TetracUnis^ ox Actinostrobus. Moreover the number of valves in 
recent cones, though usually constant, is not invariably the same 
and in imperfectly preserved specimens it is often difiicult to 
differentiate satisfactorily between the four genera. In the case of 
many sterile shoots preserved as impressions it is practically im- 
possible to distinguish clearly between those of the Callitrineae and 

^ Saxton (13^); (13^). 
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slender branches of Juniperus, Thuya, and other Cupressineae. 
Even when cones are preserved there is some danger of confusion 
with fruits of certain Dicotyledons, e.g. Lagerstfoemia macrocarpa 
(Lythraceae). In view of the difficulties of precise determination 
the most convenient course is to adopt the generic name Gallitrites 
in a comprehensive sense without as a rule attempting to assign the 
fossil to one of the existing genera of the Callitrineae. 

CALLITRITES. Endlicher. 

Endlicher^ employed the generic names Widdringtonites, CalU- 
tfites, Frenelites, and Actinostrobites , but the material seldom 
justifies such discrimination. The name Actinostrohites was pro- 
posed in the first instance for some cones described by Bowerbank^ 
from the London Clay as Oupressites globosus and C. elongaius but 
Gardner^, who examined the original specimens, is sceptical as to 
their connexion with the Callitrineae. Ettingshausen^ described a 
small cone from Miocene beds in Carinthia as Actinostrobus niio- 
cenica on the ground that there appear fco be traces of scales at the 
base of each of the six small linear valves of the cone. The specimen 
is too imperfect to be determined with any accuracy. It is im- 
possible to express any considered opinion with regard to the 
validity of the numerous Tertiary records of CalUtris and Widdring- 
tonia without access to the actual material, though many of the 
illustrations lend strong support to the identification of the speci- 
mens as examples of some Callitrineous type. Despite the imper- 
fection of many of the records there can be no doubt as to the 
former occurrence of representatives of the Callitrineae in Tertiary 
floras in Europe. 

The pinnately branched sterile shoots referred to Widdnng- 
ionites heuperianus Heer^ from the Trias of Switzerland and 
Germany bear a close resemblance to some forms of - Wdichia and 
there is no sound reason for assigning the species to the Calli- 
trineae. Saporta^ described fragments of branches from the Lower 
Lias of France as examples of HeeFs type, but in this case also no 

^ 'Endlicher (4:7) p. 271. ^ Bowerbank (40) p. 52, Pi. x. 

® Gardner (86) p. 20. 

^ Ettingshausen (72) ]D. 164, PI. ii. %s. 9— 12. 

® Heer (65) A. p. 52, fig. 31 j Sehiitze (01) PL x.; Schenk in Sehimper and Schenk 
(90) A. p. 311. ® Saporta (84) PL 201, fig. 1. 
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cones were found. Similarly Widdringtonites gracilis Sap. and 
W. oreyensis Sap. from the Corallian and Kimeridgian of France^ 
respectively are founded solely on sterile shoots. The specimen 
figured by Eichwald^ from Jurassic rocks on the southern border 
of fche Caspian sea as Widdringtonites deniiculatus has the habit of 
an Araucaria and the supposed cone, which may be some foreign 
body not actually attached, afiords no evidence of affinity to the 
Callitrineae. Zeiller^ describes a small fragment from Liassic beds 
in the Commune of Cherveux bearing small rhomboidal decussate 
leaves similar to Widdringtonites liassinus (Kurr) as figured by 
Saif eld and to W, heuperianus , but the material affords no definite 
indication of relationship to the Callitrineae. 

CaUitrites Reichii (Ettingshausen). 

This species, recorded from several Cretaceous localities in the 
Eastern United States and elsewhere, is in many cases represented 
only by slender sterile shoots and its position among the Coniferae 
is by no means clearly established. It was founded by Ettings- 
hausen^ as Frenelites EeicMi on some branched shoots from Cre- 
taceous rocks in Saxony and afterwards described by Heer^ from 
the Patoot beds of West Greenland under the generic name 
Widdringtonites though without satisfactory evidence in support 
of relationship to Widdringtonia. This species is one of the com- 
monest Conifers in the Amboy clays of New Jersej^, but no cones 
are figured by Newberry^ in his monograph except two small 
examples which it is suggested may be immature microstrobili. 
Velenovsk^^ figures sterile branches from the Perucer beds of 
Bohemia and an ovate cone, 13 mm. long, with four valves, which 
resembles a small cone oi Aetinostwbus and those described by 
Berry as Widdringtonites subtilis. Some of the twigs bear terminal 
elliptical bodies regarded as male flowers. The leaves of this species 
are usually spiral and, with the exception of the apex, closely 
appressed. CaUitrites Reichii is also recorded by Krasser^ from the 

r Saporta (84) Pis. 201, 202. 2 Eichwald (68) p. 43, PI iv. fig, 9. 

3 2 ej|ier (U j pp 4 Ettingshausen (67) p. 246, PL i. fig. *10. 

^ Heer (82) i. p. 13, PL Lii. figs. 4, 5. 

® Newberry and HoUick (95) PL viin ^ ^ ^ 

" VelenovskjA (85) B. p. 27, Pis. vm., X.; (87) figs. 14 — 16. 

® Krasser (96) B. p. 126, Pis XIV., xvn. 
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Cenomanian of Moravia where it is represented by both sterile and 
fertile shoots; the cones are quadrivalvate. It occurs in the Middle 
Cretaceous of Staten Island though without any cones: Hollick and 
Jefirey^ regard the shoots referred by them to Widdringtonia 
Eeichii as Araucarian on the ground that the bordered pits on the 
tracheal walls are usually contiguous. There is, however, no sub- 
stantial reason for assigning these vegetative organs to the Arau- 
carineae though the structure of the wood shows an Araucarian 
tendency. Berry ^ records the species from the Cenomanian Raritan 
formation of New Jersey and he expresses the opinion that the 
species is closely allied to some Potomac specimens described by 
Fontaine^ as Taxodium ramosum, but in the absence of cones a 
definite determination of affinity is hardly possible. 

Calliinies subtilis (Heer). 

Founded by Heer^ on slender twigs bearing spirally disposed, 
appressed, leaves from the Cretaceous beds of Atanekerdluk in 
Greenland and described by Newberry^ from the Amboy clays. 
Hollick^ and Berry have also recorded the species from Cretaceous 
strata in different parts of the Eastern United States and the latter 
author figures examples from Upper Cretaceous beds in South 
Carolina®. The epidermal cells are regularly rectangular and the 
stomata are surrounded by 5 — 6 accessory cells. Berry figures 
conical cones, 7 — 9 mm. long by 4— -5 mm. in diameter, composed of 
four thick scales differing somewhat in shape from the cones of 
recent species. The sterile shoots of this species bear a close resem- 
blance to C. Reichii and the two species have often been confused ; 
also to Cyparissidkm minknmn as figured by Velenovsk;^^, 
Juniperus macilenta Heer^® and Widdringtonites fascicularis Holl. 

1 Hollick and Jeffrey (09) B. p. 29, Pis. v,, vm., xx,; Hollick (06) p. 44, PI, iv. 
■•figs. 0—8., 

2 Berry (IH) p. 87, PI. vin. 

3 Fontaine (89) B. p. 251, Pis. cxxin., cxxiv.vetc.; Berry (IH) p. 302, 

^ Heer (74) B. PL xxvni. fig. 1. 

^ Newberry and Hollick (95) p. 57v PL X. figs. 2— 4. 

Hollick (06) p. 45, PL iv. figs. 2—5. Berry (12-). 

« Ibid. (14) p. 25, PL XI. figs. 14—17. 

Velenovsky (85) B. PL IX. figs. 6, 7,* Pi. X. fig, 4. 

Heer (75) ii. PL XXVIII. fig. Ic. 

Hollick (06) PL IV. fig. 1. 
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CaUitfites curia (Bowerbank). 

Bowerbank referred several pyritised cones from tke London 
Clay of the Island of Skeppey to 
sites and some of them: he compared^ with 
species of CaUitris. : Gardner^,, as the result 
of an examination of Bowerbank’ S' .type-' 
specimens, reduced the number of species 
and adopted the name Callitris. The speci- 
mens, in the British Museum, assigned to 

citrfa are conical con Wk 

of 4, 5,' or 'rarely 6 thick and' woody valves 
which are sometimes, unequal in size : the , 
largest has a diameter of 2 cm. Fig. 761, 

A shows a cone of ive valves and B, a are 

two views of a section of a cone consisting b, G, two views of a sec- 

of four valves. A similar type described tionof afour-valvedcone. 

by Gardner as CaMns Ettmgshcmsen^, f 

also from Sheppey, is represented by glo- Gardner; nat. size.) 

bular cones 12-— 15 mm. in diameter and 

composed of 6— 8 scales. These two species are probably correctly 

referred to the Callitrineae though the pyritised cones are the only 

portions of the plant preserved in the Sheppey clay. Gardner states 

that Ettingshausen^ is incorrect in recording Gallitrites curta from 

the Isle of Wight. 

CallitfitmBrongniartii^n 

This species, first described by Brongniart ^ as Equisetum 
hracliyodon from the Paris Basin, is recorded from many European 
localities, in some cases represented only by sterile shoots but 
frequently also by cones and small winged seeds. Some well pre- 
served specimens are figured by linger^ from the Tyrol (fig. 762, 
A, A^) under the name characterised by regularly 

whorled leaves, apparently four at each node, with a relatively 
long and narrow appressed lamina and a small free apex and by 
valvate cones. Unger® subsequently described good specimens as 

^ Gardner (86) p. 21, PI ix. fig 3 . 7, 21. ^ pj, figs. 1—6. 

^ Ettingshausen (79) p. 392; (80) p. 231. 

^ Brongniart (22) A. p. 329, PI. v. fig. 3; Endlicher (47) p. 274. 

^ Unger (47) p. 22, Pis. w., vn. « Ibid. (67) p. 42, PL i. figs. 1, 2. 
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Callitfis Bfongniarti from Miocene beds in Euboea/ but Saporta^ 
considers these impressions to be more closely allied to "Widdring- 
tonia and renames them W iddringtonia humensis. Good examples 
of quadrivalvate cones (fig. 762, B) are figured by Saporta^ from 
the Eocene beds of Aix and Armissan in Provence, showing in some 
cases fcwo outer broader valves and two internal laterally com- 
pressed valves. Ettingshausen^ states that the species is very 
abundant at Haring in the Tyrol: that author describes some 



Fig. 762. A, A\ B, CaUitrifes Brofigiiiarti, G, GalUtrites helvetiea. I), GalUtrites 
europaea. (A, A', after Unger; B, after Saporta; C, after Heer; D, after 
Engelhardt and Kinkelin.) 

sterile shoots from Eocene beds in New South Wales as Callitfis 
gnisca^ which he compares with C. Brongmarti. Well preserved 
shoots are described by Wntelet® from the Paris Basin. Engel- 
hardt® records the species from Oligocene beds in Bohemia but on 
the inadequate evidence of a winged seed; it is recorded also by 
Engelhardt and Kinkelin^ from the Pliocene beds of the Erankfurt 

^ Saporta (68) p. 316. 

2 Ibid. (62) p. 209, H. n. fig. 6; H. in. fig, 1; (652) p. 39, PL j. gg. e. 

2 Ettingshausen (55) p. 34, PL v. figs, 7— *35. 

^ (86) p. 95, PL vm. figs. 3, 4. ® Watelet (66) A, PL xxxii. 

Engelhardt (85) p. 314, PL vnr. fig. 32. 

’ Engelhardt and Kinkelin (08) PL xxin. fig. 5. 
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district though, on slender grounds. It may be, as Masters suggested, 
that some at least of the Tertiary specimens included in Callitrites 
Bfongniarti ue more closely allied to the existing geniis TetmcUnis 
than to Cuitem. 

Among other species that may be included in CalUtrites are 
G. hrachyphylla (Sap.) and 0. antiqua (Sap.) from Provencei, repre- 
sented by shoots with spiral, sub-opposite or opposite appressed 
scale-leaves and by globular cones with four valves. As Solms- 
Laubach says^, the cones agree closely with those of Widdringtonia, 
though it would be difficult to decide between that genus and 
Tetraclinis. 

Some good specimens are figured by Heer^ from the Oeningen 
beds as Widdringtonia helvetica, now transferred to CalUtrites, con- 
sisting of branched filiform . foliage-shoots with small appressed 
leaves and cones with four valves (fig. 762, C). 

Fragments of branches with small appressed leaves in opposite 
pairs from the Oligocene amber beds of the Baltic coast are de- 
scribed by Goeppert and Menge^ as three species of Widdringtonites, 
and in one case, W , legiiimus, t\i.o species is founded on a cone 
6 mm. long and 2*5 nam. broad which is not above suspicion as a 
record of a Callitrineous strobilus. Frenela europaea and F, Ewah 
dam described by Ludwig^ from Tertiary beds near Frankfurt are 
founded on unconvincing specimens. Engelhardt and Kinkelin^ 
describe pyramidal cones with 5 — 6 valves 1 — T5 cm. long (fig. 
762, -D), which they refer to Frenelites europaeus, from the Upper 
Pliocene beds of the Lower Main valley. Many other similar 
instances might be quoted, but on the other hand there is ample 
evidence of the presence in the earlier Tertiary floras in Europe of 
Conifers agreeing both in vegetative and reproductive shoots with 
existing species now confined to Africa and Australia. 

FRENELOPSIS. Schenk. 

Schenk^ instituted this generic name for specimens originally 
described by Ettingshausen^ from Wealden beds in Silesia as 

r Saporta (62) PI n. % 7; (62^) PI. m. fig. 3; (6fi2) PI. i. fig. 4; (73) PI n. fig. 1. 

2 Solms-Laubach (91) A. p. 60. » Heer (55) A. p. 48, PI. xvi. figs. 2—18. 

^ Goeppert and Menge (83) A. p, 39. ^ Ludwig (59) A. pp. 69, 136. 

f Engelhardt and Kinkelin (08) PI. xxni. fig. 5; ^ Schenk (71) p. 13, PI, i. 

^ Ettingshausen (52) p. 26, PI. i. figs, 6, 7. 
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TJmiies Hoheneggeri on the ground that the external features of 
the vegetative shoots indicate an affinity to the recent genus 
Jiwato/ (= CaL%m) rather than to Thuya or Oupressm, The 
resemblance to Callitris was recognised by Ettingsha, risen. The 
most striking features of Frenelopsis are the comparatively long 
internodes of the jointed stems and branches (fig. 763, A), the 
occiirrence of appressed leaves in opposite pairs or four in a verticil, 
concrescent with the whole internodal surface and projecting 
slightly above each nodal line as small broadly triangular scales, 
the presence of longitudinal lines of small dots on the internodal 
regions due to rows of stomata characterised by 4 — 5 accessory 
cells surrounding the depressed guard-cells^ (fig. 763, D, E). The 
smaller branches closely resemble those of species of Cupressineae 
(fig. 763, C) or Callitrineae in leaf-form and branching, but older 
branches from which the leaves have partially or wholly disappeared 
often differ considerably from the younger foliage-shoots and by 
themselves afford little or no indication of their true nature. 
Further details are given in the description of representative species. 

Frenehjms is characteristic of "Wealden or higher horizons in 
the Lower Cretaceous series ; it occurs in Silesia, Bohemia, Portugal 
and the South of France and in some North American localities, 
particularly in the Potomac formation. Heer^ records the species 
from Lower Cretaceous rocks in West Greenland but some of the 
original specimens which I had an opportunity of examining in the 
Stockholm Museum afforded no satisfactory evidence of their 
systematic position. Though assigned by Heer to the Giietales, 
Frenelopsis is usually regarded as a Conifer agreeing with Callitris 
more closely than with any other existing genus. In their descrip- 
tion of some fossil shoots referred by Newberry® to Freneloj^sis 
gracilis Kollick and Jeffrey A who institute a new genus Raritania 
for this species, state that they have reason to believe that some 
American specimens correctly assigned to Frenelopsis are examples 
of Gnetalean plants. Nothing is known of any reproductive organs, 
but such information as we have with regard to the habit of the 
vegetative shoots and the structure of the stomata would seem to 

^ Zeiller (82) A. p. 231, PI. xi. ; Thompson (123) pj, 

2 Heer (75) ii. p. 7:i, PI. xvm. %s. 5— 8; (82) i. p. 7, PL ii. figs. 1—3. 

3 Newberry and Hollick (95) p. 59, PI. xiii. figs. 1 — 3. 

^ Hollick and Jefirey (09) B, p. 26. 
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be in favour of including this Lower Cretaceous genus among the 
Coniferales and regarding it as probably allied to the Callitrineae. 
But the data are insufficient to form the basis of any definite state- 
ment as to the position of the genus. 

{FfemlofsisHoheneggefi(^ttvixg^]i^^ 

{FfenelofsisoccidentalisliQQ^^ 

Though the specimens referred to these two species may be 
correctly separated their close agreement in habit points to a 
single type so far at least as concerns the characters as a whole. 
The specimen represented in fig. 763^ B, originally described by 
Zeiller from the province of Gard^ illustrates the method of branch- 
ing and the form of the leaves borne in whorls of four. Schenk, in 
his account of Lower Cretaceous material of F. Hoheneggeri from 
Wernsdorf in the Carpathians, states that the leaves are in decussate 
pairs or sometimes in verticils of four. The epidermal cells have 
straight walls and a thick cuticle; the stomata form longitudinal 
rows on the internodes and are characterised by the presence of 
4 — 5 accessory cells overarching the stomatal depression^. 

Specimens described from Bohemia by Velenovsky^ as F, 
hohenma resemble F. Hoheneggen both in habit and in the structure 
of the stomata. 

Frenelopsis mmosissima Fontaine. 

This species is represented by numerous well preserved speci- 
mens in the Potomac formation^ : some of the stems have a diameter 
of 5 cm. and lateral branches are given off in whorls of 3 —5; there 
are three leaves at each node with broadly triangular apices and 
concrescent decurrent bases as in i^. Hoheneggen i&g. 763/C). The 
stomata are arranged in longitudinal rows and agree in the posses- 
sion of a rosette of accessory cells (fig. 763, D) with F, Hoheneggeri: 
several of the epidermal cells are provided with short spinous pro- 
cesses^. This species is represented by specimens showing clearly 
the cupressoid habit of the smaller foliage-shoots (fig. 763, C). 

1 Heer (81) p. 21, PI. xii. figs. 3— 7; Saporta (94) B. pp. 139, 199, 214,* Pis. 

XXXVI., ;XX'XVIII. ' 

- Thompson (123), 3 Velenovsky (88) figs. 1—3, 10. 

^ Fontaine (89) B. p. 215, Pis. 95—101; Berry (11) p. 422, Pis. lxxi., Lxxn. 

3 Berry (lO^). 
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In another Potomac species, F. parceramosa Font.^, there 
appears to be a single leaf at; each node: this form resembles some 
specimens from Lower Cretaceous rocks in Mexico which hTathorst^ 
made the type of a new genus Pseudofrenelopsisy hut the features 



Fig. 763. A, B, Frenelopsis Hoheneggeri. G, D, F, ramosissima, E, F. occifhn- 
tails, (A, B, after Zeiller; C, B, after Berry; E, after Thompson.) 

are hardly sufficiently well exhibited to throw much light on the 
nature of the shoots. It is possible that some Wealden branches 
from English strata described as Sew.® may 

belong to some species of Frenelopsis ^ but the absence of any leaves 
or nodal marks precludes their inclusion in this genus. 

^ Fontaine (89) B. p. 218, Pis. cxr., cxii., CLXViii. 

^ Nathorst (93) p. 52, figs. 6—9. . ® Seward (95) A. p. 179, PL xiv. 
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Furtlier light wiling doubt be thrown on the nature of Irene- 
hpsis when the results of the investigations of Hollick and Jeffrey 
are published: ifc may be that Heer was correct in his attribution 
of the Portuguese specimens to the Gnetales though in the habit 
of the branching;, especially in F. and in the structure 

of the stomata there is a closer resemblance to recent Callitrineae 
than to any other plants. The genus ranges from Wealden to 
Cenomanian rocks. 

Sequoiineae, 

In yiew of the restricted range of the two surviving species of 
Sequoia and the peculiarities of the genus^ to which expression is 
given by the institution of the family-name Sequoiiiieae^, the 
question of geological antiquity and past distribution assumes a 
special interest. Eeference has already been made to fossil wood 
presenting features now found in Sequoia, but it is very doubtful 
if the anatomical characters of the recent species are sufficiently 
well defined to enable us to discriminate between the wood of 
Sequoia nni. certain other Conifers. Many of the impressions of 
vegetative shoots and cones described as Sequoia from Jurassic 
and especially Lower Cretaceous strata do not bear a close scrutiny. 
The widely spread species often referred to as Sequoia Reichen- 
bachii affords no real evidence of affinity to the recent genus and 
the same remark applies to specimens included in Heer’s genus 
SphenolepidiuM and compared by authors with Sequoia. Some of 
the imperfectly preserved Jurassic cones agreeing superficially with 
those of Sequoia may well belong to species of Sequoiineae. 

Though in the majority of instances Jurassic and Cretaceous 
records do not prove the former presence of Sequoia or a closely 
allied type,, some of them afford justification for the belief that the 
American trees are survivals from at least the later floras of the 
Mesozoic era. On the other hand Tertiary strata in many parts of 
the world supply clear evidence of the wide distribution of Sequoia 
or some nearly related Conifers* in Europe and elsewhere^. The 
inference suggested is that the recent species survive in California 
because of the greater possibilities of migration towards the more 

See. page 'i51." 

“ Mr E. W. Berry (16) hasrecently published a sketch-map illustrating the world- 
wide distribution of fossils referred to 
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genial south on the American continent than in Europe where the 
retreat from Arctic regions ended in extinction. 

Penhallow^ records some petrified wood from Cretaceous strata 
in Alberta which he names Sequoia albertensis and regards as very 
similar to the wood of Sequoia sempervirens, but the evidence in 
favour of a reference to the existing genus is inconclusive. Eesin- 
cells are scattered through the wood; the medullary rays have 1 — 2 
bordered pits in the field, the broadly elliptical pore being generally 
diagonal to the cell-axis. 

Tertiary wood from difierent localities in North America is 
referred to Sequoia on evidence that is far from conclusive. Prof. 
Jefirey^ described a particularly well preserved piece of stem from 
the Miocene auriferous gravels of the Sierra Nevada^ near the 
home of Sequoia gigantea, as Sequoia Penhallowi; though I am 
informed that he is now inclined to refer the wood to the Abietineae. 
In his account attention is called to certain features, e.g. the pitting 
on the end- walls of the medullary-ray cells, the scarcity of xylem- 
parenchyma, and the presence of vertical and horizontal resin- 
canals, believed to be traumatic, which are certainly suggestive of 
abietineous afiinity. Prof. Penhallow^ described two species from 
Eocene beds in the North-West Territory as Sequoia LangsAoffii 
and S, Burgessii, both of which were previously described by 
Dawson but assigned by him to different positions. In the wood 
believed to belong to the plant which bore the well-known twigs 
recorded by many authors d,s S. Langsdorfii resin-cells are numerous 
and scattered and resin-canals are present only in a rudimentary 
form on the outer face of the summer- wood. The pitting of 
the medullary-ray cells is not described. A peculiar feature in 
S. Burgessii, if the wood is correctly referred to Ncywow, is the 
occurrence of two kinds of medullary rays, uniseriate and fusiform, 
the latter containing resin-canals. No resin-canals occur in the 
wood. Attention has been called (p. 171, fig. 712) to the abundance 
of petrified stems in the Lower Tertiary deposits in the Yellow- 
stone Park: some of these are named by Mr Knowlton^ Sequoia 
magnifica. A few of the trunks reach a diameter of 6 — 10 ft. 

^ Penhallow (08) p. 83, %s. ^ ^ ^ ^ ^ ^ 

- Jeffrey (04). ^ Penhallow (03) pp. 41 — 46, figs. 2 — 8. 

4 Knowlton (99) p. 761, Pis. oiv., cv., ex., cxi., cxvii. 
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and a height of 30 ft. (fig. 764). The details are imperfectly pre- 
served: a few of the tracheids show traces of single and double 
rows of small bordered pits, but no pits are shown on the walls of 
the medullary-ray cells. Resin-parenchyma is abundant and 



Fig. 764. Petrified tree in the Yellowstone National Park [Sequoia magnifica 
Knowlton). (From a photograph kindly supplied by Prof, Knowlton.) 

scattered as in Cupressinoxylon: it is doubtful wbetber the wood 
of can be distinguished from that of some other genera 

included in the genus Cupressinoxylon. Specimens of wood from 
the Tertiary coal-field of Aichi-Gfifu in the middle region of Hondo, 
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the main Island of Japan, recently described by Yasni^ slb Sequoia 
hondoensis has the following characters: narrow annual rings, 
tracheal pits usually uniseriate though often biseriate and opposite 
on the broader tracheids, rims of Sanio present, medullary-ray 
cells with oval bordered pits on the lateral walls but unpitted else- 
where, resin-cells scattered through the spring- and summer-wood, 
resin-canals present which are believed to be traumatic. The 
occurrence of this wood according to the author of the species 
'completes in an interesting way the evidence for the existence^ 
ot Seqtwia 'in Cenozoic times throughout temperate regions of 
the whole northern hemisphere.’ While it is probable that the 
Sequoiineae were very widely spread in the Tertiary period it is 
open to question if the anatomical evidence is sufficiently clear to 
justify the reference of the Japanese wood to Sequoia, The chief 
reason for the adoption of that generic name is the occurrence of 
resin-canals similar to the traumatic ducts in the recent species. 

The following descriptions include fossils which cannot be re- 
ferred to Sequoiites and others which may reasonably be so named. 

SEQXJOIITES. Erongniart. 

Sequoiites problematica (Fliche and Zeiller). 

This species, originally described as Sequoia problematical is 
founded on a small elliptical cone from Upper Jurassic rocks in the 
Boulogne district: in the form of the scales, which show a ridge 
extending from the edges of fche distal surface to a central de- 
pression in the middle of fche cone-scales, the fossil suggests affinity 
to the recent genus. Zeiller^ also records a cone from Jurassic strata 
in Madagascar associated with branches of the Brachyphyllum type 
which he says presents all the characters of Sequoia, It must, how- 
ever, be admitted that in both these cases close relationship to 
/Segwom has not been demonstrated. 

Under the name Sequoia Velenovsky ^ describes specimens 
from the Lower Cretaceous strata of Bohemia consisting of foliage- 
shoots with small imbricate linear-lanceolate leaves and a small 
terminal, spherical, cone the sporophylls of which have rhomboidal 
distal ends and a central umbo: but as in most fossils referred to 
Sequoia the evidence of generic aflinity is inadequate. 

1 Yasui(17). 2 Fliche and Zeifc » Zeiller (00). 

4 Velenovsky (87) p. 638, %s. II, 12. 
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Seqiloiites giganteoides {Stores), 

This species, under the nsi,me Sequoia giganteoides, has recenth^ 
been founded by Dr Stopes^ on a small petrified fragment of a very 


slender foliage-shoot from the Lower Greensand of Luccomb Chine 
in the Me of Wighb. The pith contains stone-cells, and a single, 
^ Stopes (15) p. 70, EL II. text-fig. 16. 


8equoiites co7icinna. Foliage-shoot from the Senonian of Greenland. 
(Stoekhohn Museum; nat. size.) 
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undivided leaf- trace enters each decnrrent leaf-base; there is a 
central large resin-canal in the leaves and a considerable develop- 
ment of transfusion- tracheids on each side of the secretorj^ passage. 
Palisade-cells are a conspicuous feature and one or two layers of 
hypoderm fibres occur next the lower epidermis. The author of 
the species points out the close resemblance between the fossil and 
the leaves and shoot-axis of 

Bequoiites concinna Heer. 

Heer^ described several specimens of ioliage-shoots and cones 
from the Patoot beds in West Greenland Sequoia concinna, the 
commonest Conifer in these rich Lower Cretaceous strata. The 
form of the sparsely branched shoots with their long and slender 
branchlets and straight or slightly curved, decnrrent, acuminate, 
leaves (fig, 765) agree closely with those known as Sphenolepidium 
Sternbergianum from English and other Wealden rocks, as also with 
the shoots of SeqUoiites Cbuttsiae, The oval cones, 23 x 20 mm., 
consist of a few scales with 5 — 6 angled thick distal ends on which 
there is a median transverse line and a central scar. 

This species, represented by sterile shoots and cones, has recently 
been recorded by Berry^ from Upper Cretaceous beds in Pike 
County, Arkansas. 

Conites. Conites Gardneri (Carruthers). 

Carruthers^ described a cone and a piece of vegetative shoot 
from the Gault of Folkestone as Sequoiites Gardneri but neither 
specimen affords any satisfactory evidence of relationship with 
Sequoia. The shoot is of the Pagiophyllum type, and the cone, 
2*5 X 1*5 cm., consists of spirally disposed scales with four-sided 
rhomboidal distal ends. There is no information with regard to 
the seeds: the data being wholly insufficient to serve as a criterion 
of affinity, the generic name Conites is substituted for Sequoiites. 
A specimen figured by Lange ^ from the Aachen Sands m Carpolithes 
hemlocinus Schloth. and compared by him to a Sequoia cone agrees 
closely with the English species. 

^ Heer (83) p, 13, Pis. li., lil, etc. 

2 Berry (17) p. 172, PI. vii. figs. 1 — 5 . 

^ Carnitiiers (69^) p. 7, PL I. figs. 7, 8. 

^ Lange (90) PL xxxn. fig. 7. 
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Tlie type-specimen from the Gault of Folkestone^ is an oval 
cone 6 cm. long and about 2-5 cm. in 
diameter; fche scales are cuneate and the 
exposed ends transversely elongated and 
hexagonal (fig. 766). It bears a close 
resemblance to Geinitzia gracillima, but in 
the absence of any details with regard to 
anatomical features or seeds the non-com- 
mittal name Comtes is employed. 

Sequoiites Holsti Conw.enfcz ex Nathorst MS. 

This species^, from the Holma sand- 
stone (Senonian) of Sweden, is founded on 
fragments of foliage-shoofcs covered with 
spirally disposed, appressed, broadly tri- 
angular leaves. The specimens are not well 
enough preserved to show in detail the ana- 
tomical features, but Con wentz considers 
such characters as he was able to recognise 
favourable to Kathorst’s adoption of the 
generic name Sequoiites. The species is, 
however, not above suspicion as a record of a Conifer closely 
allied to Sequoia. 

Sequoiites Langsdorfii (Brongniart). 

Brongniart^ instituted this Tertiary species under the generic 
name Taxites, and Heer^ in his description of foliage-shoots from 
Miocene beds in Switzerland adopted the designation Sequoia. In 
habit S. Langsdorfii is practically identical with Sequoia semqyervirens 
and by many authors it is spoken of as the direct ancestor of the 
recent species. Under this species Schimper^ includes a fairly long 
list of synonyms— -species referred to Taxites, Taxodium, Oupres- 
sites, and other genera — which serves to emphasise the fact that 
impressions of sterile branches with distichous, linear, leaves cannot 

1 C^iiTuthers (71) p. 3, with text-figure. 

- Conwentz (92) p. 28, Hs. in., IV., VIII. 

3 Brongniart (28) A. p. 108. ^ Heer (55) A. p. 54, Pis. xx., xxi. 

^ Schimper (72) A. p. 216. 



Pio. 766. Conites omlis, 
(After Carruthers; nat. 
size.) 
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in many cases be identified with Sequoia with absolute certainty. 
Differences are pointed out by authors in their description of species 
between the leaves of such recent forms as Taxus baccata and 
Sequoia sempermrens, but an examination of actual specimens re- 
veals the inadequacy of such fine distinctions as are sometimes 
quoted. Our knowledge of the cones is confined to external 
characters and these afford a more substantial basis than the 
foliage-shoots on which to form an opinion with regard to the 
striking similarity between the Tertiary and existing species. 
Sequoiites Langsdo^fii is recorded by Gardner^ from the Eocene beds 
in Mulb but the identification rests on sterile branches bearing 
linear-lanceolate decurrent leaves 6~9 mm. long; the main axis 
of a branched specimen bears scale-like leaves appressed to the 
stem except at the distal end of the lamina and, as in the recent 
species, scale-leaves occur at the base of each lateral shoot. The 
species is recorded also from Styria^, from Miocene beds in Greece^, 
where it is represented by foliage-shoots and cones, from Italy ^ 
Germany, and other European localities. A very similar form, 
originally named by Brongniart^ Taxites To urnali, is described by 
Gardner® from the Middle Bagshot beds of Bournemouth and with 
it he unites ;S'. /farAiHeer founded on material from Bovey Tracey. 
S.Toumali is characterised by the association of distichous (fig. 794, 
A, B, p, 408) and smaller appressed leaves like those of Sequoia 
gigantea, m. association also met with in >S. sempervirens. S. Tour- 
noli is recorded by Saporta*^ who figures branches and cones from 
Eocene strata in Provence. Xaureiit® figures fragmentary speci- 
mens, which he refers to /S. Langsdorfiif horn the Aquitanian series 
in the Puy-de-Dome. 

Sequoiites Langsdoffii is very abundant in Arctic Miocene rocks: 
Nathorst^ speaks of numerous branches in Tertiary clays in Elles- 
mere Land in a remarkable state of preservation so that they could 
be washed out and isolated like dried specimens in a herbarium. 
A peculiarity of the Ellesmere specimens is the occurrence of very 

3. Gat’dner (86) p. 41, PI. x. fig. 1. ^ Ettingsliaiiseii (57) PI. i. fig. 3, 

** Unger (47) PI. ii.' figs. 17—23. Saporta (68) refers S. Lmv/sdorfii as -figured by 
Vngev to S. Tour7iaU. 

4 Sqiiinabol (92) p. 26, Pis. xv., xvi. ® Brongniart (28) A. qx 108, 
Gardner (86) p. 40. V? Saporta (65-) PI. ii.‘ fig. 1. 

Laurent (12) p. 65. - ® Nathorst (IP) p. 225. 
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fine teeth on the edge of the lamina^. Similar teeth are stated by 
Nathorst to have been seen in one or two examples of Sequoia 
semqmvirens.MxA. it suggested that the papillae/which are a normal 
feature of the recent species, were more strongly developed in the 
Tertiary type. Heer^ records the species from Miocene beds in 
Greenland and states that it is one of the commonest Conifers in 
Disco Island, from the Mackenzie River, Alaska, Spitzbergen, and 
Sachalin Island. The fragments 
reproduced in fig. 767 were col- 
lected in Disco Island and are now 
in the Dublin Museum with other 
fossils described by Heer; the long 
linear leaves. A, are decurrent and 
in some cases the lamina shows 
fine transverse striations: the 
smaller leaves shown in fig. 767, B, 
are referred by Heer to a distinct 
species S. hremfolia, but there is no 
important difference between the 
two forms. Palibin® figures sterile 
shoots'from the Sichota- Alin moun- 
tains. Penhallow^ records the spe- 
cies from British Columbia and 

specimens m the Dublin Museum 
other localities, and to the same described by Heer.) 

type he assigns some petrified wood 

from the Queen Charlotte Islands though without any real evidence 
of connexion. Twigs and cones are described by Schmalhausen 
from Tertiary strata in the New Siberian Islands^, and the species 
is said to be one of the most abundant and widely distributed 
types in the Yellowstone National Park®. Remains of more than 
one species of are recorded from Florissant, Colorado, 

which has recently been described as a Miocene Pompeii: the sedi- 

^ Nathorst (15^) p. 10, PI. I, figs. 1—15. 

2 Heer (68) Pis. n., xx., Lv., etc.; (71) Pis. XL., XLiii., etc.; (75) iii. PI. ii.; 
(77) i. Pis. xn., xili., XXV.; (78) v. PI. i.; (82) i. PI. liii. 

3 Palibin (04) PL II. 

Penhallow (02) pp. 44, 68; (03) p. 41. 

^ Schmalhausen (90) PI. I. figs. 2— 11. 

® Knowlton (99) p. 682. 
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ments of an ancient lake mixed with volcanic ash contain many 
plant and insect remains and Prof. CdckereH’s careful investigations 
have led to the discovery of several new types^. Staub^^ who 
records the species from Aquitanian beds in Hungary, gives a list 
of references to other authors. 

Making allowances for doubtful identifications based on sterile 
branches there remain a sufficient number of authentic records to 
demonstrate the wide range of this species and allied forms in 
Europe and the Arctic regions during the Eocene and Miocene 
periods. S. Langsdorjii is said to occur in beds of Lower Pliocene 
age in France^ and a minute cone, only 2 by 1-9 mm. has recently 
been described by Mr and Mrs Reid from Pliocene deposits in 
Holland^. The Dutch specimen is referred to Sequoia with some 
hesitation and it is suggested it may be an immature cone of an 
undescribed species, which possibly marks the last appearance of 
the genus in Europe. 

Sequoiites Couttsiae 

This species was founded by Heer® as Sequoia Couttsiae on 
material from Oligocene beds which form a basin-shaped depres- 
sion in the granitic rocks of Dartmoor in Devonshire. The material 
consists of foliage-shoots (fig. 768, A, B), similar in habit to those of 
the recent species Sequoia gigantea, and globose or sub-globose 
cones with peltate scales and winged compressed seeds like those of 
Sequoia semfermrens. Several seeds are said to occur on each cone- 
scale. Beust® examined wood from Bovey Tracey in which he 
found tracheids with separate bordered pits and resiniferous xylem- 
parenchyma as in the recent species. Mr and Mrs Clement Reid'^ 
have recently investigated the Bovey Tracey material and their 
conclusion is that ^Sequoia Couttsiae is a true Sequoia and close to 
the living Sequoia sempervirens and S, gigantea^ They give the 
following description of the cones: ^Broadly oval and abruptly 
narrowed into the stalk, or somewhat cordate; at the base are a 
few small . recurved wedge-shaped barren scales, the lower ones 
having their stalks strongly reflexed, the middle ones with stalks 

1 Cockerell (06), (08), (08^), ^ Staub (87) B. Pi. xix. p. 249. 

® Depape (13). ^ Reid, 0. and E. M. (15) p. 55, PL i. lig. 13^ 

^ Heer (62) p. 1051, Pk lix.— -lxi. ® Beust (85) PL in. figs. 1 — 8. 

^ Reid, C. and E. M. (10) p. 170, PL xv. figs. 23—27. 
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at light-angles to the axis; at the apex is a rosette of a few almost 
sessile barren scales; the arrangement of the scales is distinctly 
spiral. It is not easy to count the number of the scales/as none of 
the cones we found are perfect. There would seem to be 20—24 
fully developed scales, besides a few undeveloped round the apex 
and base.’ The scales vary in shape (fig. 768, C, D) and are cuneate 
or umbrella-shaped, the rugose distal ends have lines radiating 
from a central umbo; the winged seeds are pendant beneath the 
thick involuted margin and on the upper surface of one scale five 
seeds were found. Preparations of the cuticular membrane of the 
leaves showed irregularly scattered stomata, each surrounded by 


A 



Fig. 768. Seqiwiites Couttsiae. Twigs A, B, and cone-scales C, B, from Bovey 
Tracey. (Photographs by Mr and Mrs Clement Beid; x 3.) 

a ring of four or occasionally five cells. Gardner^ has also described 
specimens from Bovey Tracey and Hampshire characterised by 
imbricate keeled decurrent leaves with a free, divergent or falcate, 
apex and in older branches by more obtuse appressed leaves. The 
cones in size and form resemble those of Sequoia sjempervirens while 
the vegetative branches agree with S.gigantea, There are 3— 5 seeds 
on each scale. Several examples of Sequoiites Couttsiae are figured 
by Heer^ from Miocene beds in West Greenland and he speaks of the 
species as the commonest Gonifer in Disco Island. Gardner points 
out that the northern form has larger cones and stouter foliage- 
shoots than the British type and proposes for it a new specific name 
^ Gardner (86) p. 36, PL VI. 

- Heer (68) p. 94, Pis. ni., viii., xlv.; (71) Pis. xl., xliii., etc.; (83) PL Lxvm. 
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S. Whymjpefi. This more robust form occurs also in Spitzbergen, 
on the Mackenzie Eiver, and elsewhere. Knowlton^ records 
S. Coiittsiae along with other species from beds probably of Miocene 
age in the Yellowstone Park: he assigns to this type specimens 
described by Lesquereux from Colorado as Glyftostrohiis IJngeri^^ 
and others from the Fort Union Group referred by Isfewberry to 
Gly 27 tostrobus europaeus. The cone-bearing branches figured by 
Lesquereux^ from the Western Territories as Sequoia affinis bear 
a close resemblance to S, Couttsiae. The latter species is recorded 
by Penhallow® from the Eocene beds on the Deer River in Canada 
(lat. 5U and 54*^ N.). The same or a closely allied type is recorded 
from Miocene beds in Alsace^ and Saporta^ describes very good 
examples of S. Couttsiae from the Eocene beds at Armissan in 
Provence. According to Gardner the material referred by Saporta 
to Heer’s species includes at least two other species. Specimens 
described by Schmalhausen^ from Eocene beds in South-West 
Russia as S. Couttsiae, possibly correctly named, are not 

convincing. Palibin’ records this species from Oligocene beds at 
Molotytchi in the Fatej district, Russia, and discusses the geological 
age of the strata from which Schmalhausen’s plants were obtained. 

Ettingshausen’s specimens from Bilin in Bohemia assigned by 
him to Taxodium duhiurn may, as Gardner says®, be examples of 
S. Couttsiae. 

GEINITZIA. Endlicher. 


The name Geinitzia was given by Endlicher® to a piece of sterile 
shoot from Lower Cretaceous strata in Saxony previously figured 
by Geinitz^® as Araucantes Reichenbachii (fig. 769), and in the new 
genus was also included Gryptomeria primaeva Corda^^. Both these 
species were referred by Endlicher to Geinitzia (yrelacea. 
species was founded on several foliage-shoots from Lower Cre- 
taceous rocks in Bohemia with the habit of Araucafia excelsa AxiA 
in one or two instances bearing what appear to be terminal buds 
described by Corda as small cones. In the first instance Geinitzia 


1 Knowlton (99) B. p. 681. 

^ Penliallow (02) p, 50. 

® Saporta (65^) PL II. 

’ Palibin (01) p. 499, 

^ Endlicher (47) p. 280. 

Corda in Peuss (46) B. PL XLiit. 


2 Lesqiiereux (78) B. PL lxv. 

^ Bleieher and Eliche (92) p. 382. 

® Sehmalhausen (83^) Pis. xxxii., xxxvi. 
® Gardner (86) p. 39. 

Geinitz (42) PL xxiv. fig. 4. 

.gS.P— 11.'' 
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was applied to branches without any recognisable cones. In 1868 
Heer^ figured specimens from the Kome beds in Greenland which 
he belieyed to be identical with Araucarites Reichenbachii Gein. 
though the foliage-shoots bear shorter leaves than those on the 
type-specimen of Geinitz: Heer states that he was able to examine 
the type-specimen and assured himself of the specific identity of the 
German and Greenland specimens; he substituted the generic name 



Eig. 769. Oeinitzia Reichenbachii, Eig. 770. Geiniizia Reichenbachii, 

{After Geinitz.) (After Heer; nat. size.) 

Sequoia for Afaumrite& on the ground that some cones in the 
Tubingen Museum from Lower Cretaceous beds in Moravia, 
attached to branches apparently identical with Araucarites Reichen- 
ftac/mV presented a very close resemblance to those of recent 
Sequoias. The Moravian specimens, which he afterwards figured^, 
are oval and the cone-scales have distally expanded distal ends 
(fig. 770) like those of Sequoia, hut no evidence was obtained as to 
the number of seeds. Additional examples of vegetative shoots 
and cones were described by Heer^ from Greenland as Sequoia 
^ Heer (68) PL XLiii. ^ (69) PL i. 

3 xbid, (75) ii. Pis. xn., xx., xxxiv., etc. 
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Reiehenbachii and this species is recorded by authors from many 
Lower Cretaceous localities, but in no case is any conclusive evi- 
dence brought forward in support of the assumed generic identity 
with Sequoia. Specimens of Sequoia Reiehenbachii with foliage and 
cones are figured by Velenovsky^ from Bohemia showing clearly 
the characteristic peltate cone-sc^es, and similar examples though 
with rather larger cones are described from Lower Cretaceous strata 
in North America^. On the other hand the name Sequoia Reichen- 
bachii is applied in some cases to fragments of sterile branches un- 
accompanied with cones^: in one instance^ evidence was obtained 
of the occurrence of separate circular bordered pits on the tracheids 
of some vegetative branches from the Cretaceous beds of Aix-la- 
Chapelle. It is impossible to say whether such shoots bore cones 
like those of Geinitzia or Elatides; some at least belong to Elat ides 
curvifolia. 

Two conclusions are suggested by an examination of the records 
so far quoted: the use of the generic name Sequoia is not based on 
any solid foundation and, secondly, it is unsafe to assume that 
fragments of sterile branches bearing falcate leaves similar to those 
on fertile shoots referred to S. Reiehenbachii belong to that species. 
The common occurrence of Mesozoic specimens agreeing more or 
less closely with Amucaria while demonstrating the 

abundance of ^ that form of vegetative shoot, by no means proves 
the equally wide occurrence of one specific type. It has, for 
example, been shown by Nathorst^ that the branches from Lower 
Cretaceous or Upper Jurassic rocks in Spitzbergen figured by 
Heer ® as Sequoia Reiehenbachii are examples of Elatides curvifolia 
(Dunk.). The genus Elatides'^ is characterised by cones differing in 
their flatter scales and more elongated form from those usually 
assigned to Sequoia though the foliage-shoots are of the same type. 
It is therefore advisable to adopt some provisional generic term for 
sterile shoots resembling in habit those of Araucaria excelsa and 
which in the absence of cones cannot be safely assigned to a genus 
founded on the cone-characters. The .name Pagio'phyllum^ serves 

^ Velenovsky (85) B. Pis. VIII., IX, 

2 Ward {99) B. Pis. 105, 166; HoUick (06) PI. ii. fig..40; PI. m. figs. 4, 5. 

3 Krasser (96) B. PL xvii. fig. 14; Schenk (71) PI. xxiv. figs. 6, 7. 

^ Lange (90) p. 660. Nathorst (97) p 35. 

^ Heer (75) ii. Pis. xxxvi., xxxvn. See page 270, ® See page 274. 
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this purpose and it should be applied to sterile branches of the 
Araucaria which cannot reasonably be referred to Elatides, 
Geinitzia, or other genera connoting certain types of fertile shoot. 
It has, however, been pointed out that in the first instance Geinitzia 
was applied to sterile shoots, but later this designation came to be 
associated with cones of elongate-oval form bearing peltate scales. 
In 1852 linger^ applied Geinitzia to a specimen from Neustadt 
consisting of a slender piece of fohage-shoot and an imperfectly 
preserved cone similar to the cones of Heer’s Sequoia ReichenbacMi 
but longer in form. Subsequently Heer^ described under the name 
Geinitzia formosa shoots and cones from Lower Cretaceous strata 
at Quedlinburg: the cones are similar in form to that figured by 
Unger and bear cone-scales with polygonal distal ends having a 
central umbo and radially disposed lines on the exposed surface. 
Schenk^ also gives good drawings of Geinitzia formosa, A well pre- 
served cone very like Heer’s G. formosa was described by Newberry^ 
from the Amboy clays as Sequoia gracillima, the specific name 
having been previously used by Lesquereux for sterile branches 
from Dakota in conjunction with the generic name Glyptostrobus. 
Newberry adopted Lesquereux’s specific term because he found in 
the Dakota beds cones like that from the Amboy clays associated 
with the branches described by Lesquereux. Newberry’s cone is 
practically identical with that of Heer’s Geinitzia formosa, but it is 
noteworthy that the former is borne on a slender branch having 
small appressed leaves in place of the more spreading falcate leaves 
of Heer’s species. This difierence in the foliage is of secondary 
importance in comparison with the close resemblance between the 
cones. Subsequently Jeffrey^ obtained good cones from the 
Mata wan formation apparently identical with Sequoia gracillima 
(Lesq.) as figured by Newberry and he was able to investigate the 
anatomical features. The pith of the cone-axis contains groups of 
sclerous cells; the phloem differs from that of Sequoia in the absence 
of fibres, while the secondary wood has no resin- cells—another 
difference from /Scgzmm: the tracheal pits are circular and in no 

case contiguous and there are no rims of Sanio. The latter feature 

* ■ . 

1 Unger (522). 2 Heer (712) 5^ pjg^ 

^ Scliimper and Schenk (90) A. p. 299. 

Newberry and Hollick (95) p. 50, PI, ix. figs. 1—3. 


® Jeffrey (11). 
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is regarded by Jeffrey as an essential character of the Araucarineae 
and the absence of any Abietineous pitting in the medullary>ray 
cells is another Araucarian feature. The conclusion drawn by 
Jeffrey is that despite the absence of Araucarian pitting on the 
tracheids the anatomical details point to an Araucarian relationship, 
the wood of the cone-axis having the characters of Sinnott’s genus 
Paracedroxylon. No information was obtained with regard to the 
seeds. Jeffrey’s examination of the cone shows, as he says, that 
it does not agree structurally with the cones of recent Sequoias, 
but the reference to the Araucarineae rests on a slender basis. 

In their account of the Kreischerville plants Hollick and 
Jeffrey^ describe some sterile branches as Geinitzia Reichenbachii 
(fig. 806, D ; page 437) which agree closely with specimens referred by 
authors to Sequoia Reichenbachii though they might equally well be 
identified with Elatides curvifolia (Dunk.). For such sterile twigs the 
name Pagiophyllum would be preferable. The pith of the Kreischer- 
ville shoots contains groups of sclerous cells ; the leaf-bases show in 
transverse section three resin-canals and these are enclosed by the 
transfusion-tissue which accompanies the vascular bundle. In its 
distribution the transfusion-tissue differs from that in Sequoia, 
which is confined to the flanks of the vascular strand, and agrees 
wfith the corresponding tissue in Araucarian leaves. There is no 
xylem-parenchyma and the tracheids have 1 — 2 rows of bordered 
pits, in contact or sometimes separate and if in two rows alternate. 
The wood agrees with that described by Hollick and Jeffrey as 
Brachyoxylon and shows a decided Araucarian affinity. In the 
absence of cones attached to the shoots it is not possible to settle 
definitely the systematic position of the specimens. A fact in 
favour of identifying the branches with Sequoia (or more appro- 
priately Geinitzia) is the occurrence in the same beds 

of detached cone-scales very similar to those of G, graciUmia, which 
are referred to two new gevietSb, Eugeinitzia and Pseudogeinifzia. 

EUGEINITZIA. Hollick and Jeffrey. 

Eugeinitzia Hollick and Jeffrey. 

The scales on which this species is founded^ closely resemble 
those of recent species oi Sequoia Geinitzia gracillima. The 

1 Hollick and Jeffrey (09)^^ 38. 

2 /6M p. 43, PI. X. fig. figs. 1—3. 
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vascular bundles were found to be arranged round the margin of 
the peltate portion of the scales and completely surrounded by 
transfusion tissue, ‘ a feature of marked contrast to the scale- 
bundles in Sequoia and at the same time one which indicates a 
strong affinity with the Araucarineae.’ The mature scales afforded 
no indication of the number or place of attachment of the seeds, 
but an immature cone lent support to the view that each scale bore 
four ovules on the peduncle near the cone-axis. Hollick and 
Jeffrey regard the scales as Araucarian and think it probable that 
they were connected with the twigs named by them 
Reichenbaohii. 

PSEUDOGEINITZIA. Hollick and Jeffrey. 

Pseudogeinitzia sequoiif or mis liollidk Sind Je&xej. 

A special generic name^ is given to some four-sided scales on the 
ground that they not only differ in their tetragonal form from the 
hexagonal scales of Eugeinitzia but probably belonged to a smaller 
cone. As in the former type the vascular bundles are enclosed by 
transfusion-tracheids. The investigations of the American botanists 
show that the sterile branches, G. Reichenbaohii, exhibit certain 
Araucarian tendencies and that the cone, Geinitzia gracilUyna, as 
also the detached cone-scales, Eugeinitzia and Pseudogemitzia^ 
cannot be included in Sequoia. 

Until more is known of the morphological nature of the cones 
described by Heer and other authors as Sequoia Reichenbachii, 
S. amhigua, etc., their relationship to existing Conifers cannot be 
settled, but meanwhile it would seem convenient to include both 
the smaller oval cones and the longer forms represented by G. 
gmcillima in the same genus Geinitzia, applying the name to cones 
having spirally arranged scales with peltate distal ends superficially 
resembling those of Sequoia. The name Sequoia, much too freely used 
by palaeobotanists, has in some cases^ been applied to cone-bearing 
branches that are almost certainly identical with Sphemlepidium 
Kunianum (Bunk.). On the other hand for sterile foliage-shoots 
unconnected with cones the non-committal name Pagiofhyllum is 
suggested on the ground that foliage-shoots alone cannot be more 
precisely determined. . h 

^ Hollick and Jeffrey (09) B. p. 45, FI. x. fig. 14; FI. xxv. fig. 4. 

“ Heer (69) p. 11, FI. i. figs. Sequoia fastiqiata'^). 
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SPHENOLEPIDIUM. Heer. 

Heer^ instituted S'pheuole'pidiuM in place of SpliefiolopiSi p 3 ^o- 
posed by Schenk^ for Wealden Coniferous branches, because of the 
previous use of the latter name by. Agassiz for a genus of fishes. 
Berry^ has recently reverted to the original form Sphenolepis on 
the ground that its employment by zoologists is not a serious 
objection. Schenk’s definition of his genus includes both vegetative 
organs and cones, but it is desirable that the name Sphenolepidium 
should be restricted to fertile^ specimens or at least to specimens 
which can with reasonable certainty be connected with cone- 
bearing examples. The habit of the foliage-shoots of the two best- 
known Wealden and Lower Cretaceous species, 8. Sternbergiamum 
and 8 , Ktmianum, is of the type which leads authors to employ 
such generic terms as 8eqiioia, Athrotaxites or Athrotaxopsis^ 
Widdringtonites^ Glyptostrobus, Arauemites^ and Cyparissidimn, but 
in the absence of cones it is impossible to feel confidence in any 
attempts to distribute such sterile specimens' among genera which 
are characterised not only by a certain form of foliage-shoot but 
also by a particular type of cone. 

The generic name 8plienohpidium should be retained only for 
specimens with small, more or less globose, cones possessing spirally 
disposed cone-scales, cuneate, relatively broad and fairly thick. 
The cones are much smaller and have relatively broader and 
thicker scales than those of Elatides though there is no essential 
difference in the vegetative characters of the two genera. No cones 
have been described throwing any light on the ajEnity of the genus 
and like many others it must be left for the present in the category 
of Conifeme incertae sedis. The leaves are spirally disposed on the 
comparatively slender branches and are either ovate, triangular, 
and free only in the acuminate region, or longer and more spreading 
and falcate; the latter type agrees with Pagiophylliim while some 
forms hoMing 8phenolepidium cones are rather of the Brachyphyl- 
type. M of the specimens recorded as 8phenolepidium 
afford no evidence as to the nature of the cones and should be 
assigned to Pagiophylium or Bmchyphyllmn. The genus is charac- 
teristic of Wealden or Lower Cretaceous strata and is represented 
in several European districts and in North America. 

1 Heer (81) p. 19. ^ gchenk (71) B. p. 243. ^ Berry (114) p. 290. 
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S'phenolefidkmi Stemhergianum ij)ur\ket^ 

This species was originally described by Dunker^ from North 
Germany as Muscites StembeTgianus and by later authors placed 
in Amumrites, WicUringtoniteSyMidi other genera^. It is impossible 
to determine the specific limits of this species^ and S: Ktirrianmn 
(fig. 771) : the cones exhibit no well-defined dis- 
tingnishing characters and the chief distinction 
is the more spreading foliage of the Araucarian 
or PagiopJiyllum type of S, Sternbergianwn, As 
Berry suggests, this species — described from the 
Potomac formation and elsewhere in North 
America and from several European localities— 
is probably represented in the Lower Cretaceous 
flora of Greenland under such names as 
strobus groenlandiciis Sequoia fastigiata. 

Some of the English and German fossils attri- 
buted to S. Sternbergianum Sbve almost certainly 
exBjm.’ples ol Ehtides cuTvifolia, 

SphenolefidiumKurnammi(I)unk.ex), 

Bunker^ originally adopted the generic name 
jTtoVes; later authors preferred Bmchyfhylhm, 

Widdringtonites, Araucarites and other names. 

Fontaine®, who records this species from the 
Potomac formation, includes in his genus Athro- 
taxofsis specimens which cannot be distinguished 
by any features of morphological impprtance 
immSfhenolefidmni Kunianum, The leaves are 
ovate, more or less appressed, agreeing with 
Brachyphyllum or in some examples intermediate 
between the type of foliage assigned to Pagio- 
fJiyllwn and BracJiyfhyllum. The Wealden speci- 
men reproduced in fig. 771 is placed in Spheno- 
lepiidmm because of its association with branches, 
identical in habit, bearing cones ; if found as an isolated 



lepidium Kurria- 
nmn. From the 
Wealden of Sus- 
sex, (British Mu- 
seum, V. 2303 ; 
| nat. size.) 


^ Bunker (46) A. PI. VII. fig. 10. 

2 For references, see Seward (95) A. p. ,205; Berrj (IP^) p. 293. 

® Seward (11^) p. 685. 

^ Bunker (46) A. p. 20. - ® Fontaine (89) B. Pis. cxxxv., etc. 
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fossil it would be referred to Brachyfhyllum. The figured specimen 
shows the variable form and size of the leaves and there is 
good reason to believe that the plants represented by the frag- 
ments included in one or other species of Sphenolepidiuni weve 
characterised by a considerable range in the habit of the fohage- 
shoots, a fact which renders of little importance the separation 
into S. Kuffianuyn and S, Sternbergiamim based on the form of the 
leaves in detached branches. The small cones borne terminally on 
slender branches resemble superficially the cones of Athrotaxis, hut 
no facts are available as to the structure of the cone-scales and 
there is no evidence on which to found an opinion as to the position 
of the genus. 

SoiADOPITINEAE. 

Though several fossil plants have been compared with the 
existing species Sciadopitys verticillata, in no case is there any con- 
clusive evidence of the occurrence of this type of Conifer. Schmal- 
hausen founded the geims Cyclopitys'^ for impressions of shoots 
from Eussia bearing whorled linear leaves which he believed to be 
closely allied to or generically identical with Sciadopitys, Zeiller*^^ 
who brought forward strong arguments for assigning the strata 
regarded by Schmalhausen as Jurassic to the Permian period/ 
considers Cyclopity s to be an Equisetaceous plant. Detached linear 
leaves similar to those of Cyclopitys are abundant in many Jurassic 
floras and^ as Nathorst^ says, they may be compared with several 
recent genera including Sciadopitys, but without anatomical data 
accurate determination is impossible. It is stated by Schenk^ that 
the Cretaceous leaves described by Heer as Pinus Crameri agree in 
their epidermal features with the iolisi.ge oi Sciadopitys, but in this 
as in other cases generic identity or even close relationship has not 
been demonstrated. Goeppert and Menge^ describe some single 
leaves preserved in Baltic amber Sciadopitytes linearis and 
S. glaucescens; ih-Bj speak of the leaves as having a single vein on 
the upper face and two veins on the lower surface though it is not 
clear what morphological feature is represented by the 'veins.' 

^ Sclimalliauseix (79) A. p. 39. 2 Zdller (96) A. p. 477^ 

® Nathorst (97) p. 19. ^ ScMmper and Schenk (90) A. p. 293 

® Goeppert and Menge (83) A. p. 36, Pk xm. figs. 117 123, 
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Schenk states that these Oligocene leaves are Dicotyledonous and 
not the leaves of a Conifer. 

Specimens of fossil wood have been described exhibiting certain 
features, especially the pitting of the niedullary-ray cells, similar to 
those of Sciadofitys^ But the occurrence of such features in other 
recent genera precludes a definite reference to any one type. 

SCIADOPITYTES. Goeppert. 

This name has recently been revived by Halle^ for two species of 
Cretaceous leaves from Greenland, one of which, Finns Crameri 
Heer, though compared by Schenk with the oi Sciadofitys, 

was not actually included in Sciadopitytes, while the other is a new 
B>'^QQie&, Sciado'pitytes Nathorsii, Halle describes these leaves as 
‘ Conifer-like in habit, with a dorsal groove which is protected by 
elongated papillae and whose epidermal tissue differs from that of 
the rest of the leaf through a non-seriate arrangement of the cells 
and the occurrence of stomata.’ 

The outstanding feature of the leaves oi Sciadofitys is the 
double nature of the lamina and the morphological peculiarities 
which have led to its recognition as a phylloclade; but, as Halle 
admits, there is no evidence that the fossils are other than ordinary 
simple leaves. The interesting characters described by Halle amply 
justify the use of a generic name separating the leaves from those 
known only as impressions, without any structural features pre- 
served, and referred to Pityoyhylhim. It is, however, open to ques- 
tion whether the name Sciadoyitytes does not imply more than the 
facts support. The leaves named by Heer^ Finns Craynen are 
about 12 mm. long and 2-5 mm. broad : the apex is bluntly rounded 
and the base is slightly widened. Halle points out that there is 
evidence that the leaves were cylindrical. The carbonised leaves 
of this species form thick masses in the shale and excellent pre- 
parations of the cuticle can be obtained, Halle considerably 
extends Schenk’s account of the epidermal characters. The 
apparent midrib is a groove and there is no indication of a true 
median vein. Rather large stomata are crowded in the groove and 

See' page; 138." ■, ■, 

; 2 Halle (15) p. 508. 

3 Heer (68) i. PI. XLiv. %s. xxill. pp. 9— 15; Halle (15) 

n- 309, figs., 1--13. 
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are surrounded by somewhat tangentially elongated cells, the other 
oells between the stomata being much smaller. The cells on the 
sloping sides of the groove bear cylindrical papillae. On the whole 
the structure recalls that of the recent Sciadopitys though as Halle 
shows there are certain differences. 

The second species, Sciadopitytes Naihorsti^, was discovered by 
Hathorst in the Middle beds of Atanekerdluk in West Greenland. 
The leaves are at least 40 mm. long and about 1 mm. broad : the 
stomata are confined to the groove as in S. Crameri and numerous 
papillae are borne on the borders of the median depression. The 
stomata are not so crowded as in S, Cmmcn and differ less in size 
from the other epidermal cells. These two species, though exhibit- 
ing some similarity to Sciadopitys, can hardly be assumed to belong 
to plants more closely allied to the recent Japanese Conifer than 
to other existing forms. The occurrence of the characters described 
by Halle may be recognised by adding the name Sciadopitytes after 
the non-committal term Pityophyllum. 

1 Halle (15) p. 512, PI. xn. figs. 16—29. 


CHAPTER XLVIIL 

ABIETINEAE. 

The relative antiquity of tlie different families of the Coniferales 
is a question which every student of the geological history of the 
group desires to answer. Reference has already been made to the 
different views that are held with regard to the phylogenetic 
relations of the Araucarineae and the Abietineae: conclusions on 
this subject are based partly on the morphological characters ex- 
hibited by recent types and in part on palaeobotanical data. The 
evidence afforded by petrified wood is briefly dealt with in Ch. xliv : 
this shows that the features associated with modern Abietineae do 
not stretch as far back into the past as is the case with the type 
represented by the wood of the Araucarineae. The evidence derived 
from a study of impressions of foliage-shoots and cones as \¥ell as 
the meagre data supplied by petrified cones is less easy to interpret 
because of the greater imperfection of the records. The southern 
distribution of the Araucarineae predisposes the student in favour 
of a southern origin, while the essentially northern range of the 
Abietineae suggests that this family had its birth north of the. 
equator. But conclusions based on such considerations require 
confirniation from other kinds of evidence. In the J urassic- Wealden 
period the Araucarineae were well represented in the northern 
hemisphere and the impression gained from a survey of Jurassic 
records is that the Araucarineae shared with other types an almost 
world-wide distribution. It is much easier for a palaeobotanist to 
form an opinion as to the period of maximum development and 
vigour of a given set of plants than to discover a substantial 
foundation on which to rest a view as to the first appearance or 
the original home of the earliest representatives of the family-type. 
It is, perhaps, significant that the Araucarineae are represented in 
the Jurassic floras of Graham Land on the edge of Antarctica, 
Australia, and India. The Abietineae, on the other hand, do not 
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bulk largely in Mesozoic floras before the closing stages of the 
Jurassic period and more especially in the earlier days of the 
Cretaceous era. The abundance of Abietineous cones in Lower 
Cretaceous strata, a period later than that in which the Arau- 
carineae are abundantly preserved in plant-bearing deposits, at 
least points to a later maximum development of the Abietineae, 
and such data as we have seem to favour a northern rather than 
a southern origin. Winged seeds, hardly distinguishable from those 
of modern Pines (fig. 788, p. 396), from Rhaetic beds in the South of 
Sweden, foliage-shoots from beds of the same age exhibiting features 
now associated with the Abietineae, demand serious consideration 
in connexion with the antiquity of the family, though it can hardly 
be maintained^ that they furnish proof of the existence in Rhaetic 
and Liassic floras of true Abietineae. The occurrence of a winged 
pollen-grain (fig. 491, G; Vol. m. p. 298) in the partially decayed 
. wood of Antarcticoxylon might be urged as a plea for a southern 
origin of the family, but an extended bladder-like exine is not a 
monopoly of the microspores of the Abietineae. 

The following types selected in illustration of the fossil records 
of the Abietineae show how difiicult it is in many cases to deter- 
mine the precise position within the family to which cones or 
foliage-shoots should be assigned. Palaeobotanical literature con- 
tains many species referred to Abies or Abietites, Gedrus, md other 
genera, but it is usually impossible from the available data to carry 
identification so far. A few^ examples may be quoted: certain Lower 
Cretaceous cones bear a very close resemblance to those of Gedrus^, 
but an examination of some of the less familiar cones of existing 
species of Abies and Picea shows that the reasons for connecting the 
fossils with Gedrus are not entirely satisfactory. The fossil wood 
described under Gedroxylon does not denote that the parent-plants 
were more closely allied to Gedrus than to some other genera of the 
same family. Boulay^ has described some seeds from Miocene beds 
in France as Gedrus vivariensis which he unhesitatingly regards as 
generically identical with those of recent Cedars, and there is no 
reason to doubt the correctness of this conclusion. Cone-scales 
bearing two seeds from Miocene beds in Spitzbergen described by 

^ See page 385. 

2 Boulay (87) p. 235 


S. IV 


24 
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m Pirns [Oeif us) Lofalini may belong to a true cedar cone, 
but tbe evidence is hardly convincing. It is not too much to say 
that even Tertiary records of Conifers seldom enable us to dis- 
criminate between individual genera. In the absence of anatomical 
data the needle-like leaves scattered through Mesozoic and Tertiary 
strata cannot be identified with reasonable certainty. From Upper 
Pliocene beds in Germany Geyler and Kinkelin^ described a cone as 
Abies Loehfij and this has more recently been identified as Keteleeria 
(fig. 786, C, p. 394) by Engelhardt and Kinkelin® on the strength 
of its external resemblance to K. Davidiana, The reference to Abies ^ 
of some leaves enclosed in the Baltic amber affords an example of 
the assistance afforded by characters recognisable in well preserved 
material, and it is probable that a fuller knowledge of the epidermal 
characters of recent Conifer leaves may supply a useful aid to more 
precise identification. 

PITYITES. Gen. nov. 

Endlicher^ employed the name Pinites for leaves, male flowers, 
and cones considered to be closely allied either to recent species of 
Pinus 01 to some other genus of the Abietineae, such as Abies, 
Larix, or Picea. Many authors have adopted the generic name 
Pirns in cases where the evidence appears to them sufficiently 
strong to indicate identity with the existing genus, but it is only 
cones and foliage-shoots from Tertiary and Pleistocene beds that 
can as a rule be definitely assigned to such a position. It may, 
perhaps, be carrying consistency too far to restrict EndlicheFs 
designation to such specimens as there is good reason for connecting 
with, the recent genus but the more restricted use oi Pinites 

has the merit of being less likely to mislead the student and, 
chiefly on that account, I propose to adopt the genus Pityites for 
Abietineous fossils which cannot with confidence be referred to a 
more precise position. In practice this designation will not often 
be employed as in most cases cones and vegetative organs occur 
as separate fossils and are most conveniently described under the 

^ Heer (78) i. PI. ix. figs. 6— 8. 

2 Geyler and Kinkelin (90) p. 16, PI. i. figs. 13—15. 

Engelhardt and Kinkelin (08) p. 216, PI. xxvi. fig. 7. 

^ Goeppert and Menge (83) A. PL xiii, figs. 107— 110 . 

® Endlicher (47) p. 283, 
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terms suggested by Nathorst and mentioned below. Pityites is, 
howeYer, appropriate for such, specimens as those represented in 
figs. 772, 773 which show a direct connexion between cones and 
foliage-shoots. 

Goeppert adopted Pinites for fossil wood in a wide sense, but 
it has long been the custom to describe petrified wood agreeing 
structurally with recent Pines and other members of the Abietineae 
under Kraus’s term Pityoxylon. Nathorst^, with a view to greater 
convenience, proposed certain subgeneric names as qualifying 
epithets indicating the nature of the fossils but not implying a 
direct connexion with Pinus: he adopted the names Pityanthus 
for male flowers suggesting alliance with those of some Abietineous 
genus, PityostTobus for cones, Pityolefis for cone-scales, Pityosper- 
nium for seeds, Pityocladiis for vegetative shoots, and Pityophyllum 
for detached leaves. To these the name Pityosporites^ has recently 
been added. 

The generic or rather subgeneric term Pityophyllum is apt to 
mislead the student if used in conjunction with Pmtes: the 
leaves so named, as Nathorst admits, are in many instances almost 
certainly derived from plants which do not belong to the Abie- 
tineae. Under Pityophyllum are included both needle-like leaves 
which are probably Abietineous with others having a broader 
lamina (fig. 776) and much more likely to be connected with such 
genera as Cephalotaxus, lorreya, or Podocarpus. 

The term Pityosporites^ is proposed for microspores provided 
with wings similar to those of Pinus and other members of the 
Abietineae, though in this case also relationship with another 
. family, namely the Podocarpineae, is not excluded. These terms 
whether used as subgeneric titles or as generic designations serve a 
useful purpose for disjuncta membra, while the name is 

employed for specimens of a more complete kind. The name 
been used for vegetative shoots and cones ^ 
which there is no adequate reason for assigning to a position 
nearer to than to other genera of the same family: it is 

desirable to restrict the term to fossils which afford evidence of 

. 1 Nathorst (97) p. 62; (99) p. 16. ^ Seward (14) p. 23. s 

E,g. Geinitz (80) p. 12; Fontaine in Ward (05) B. PL lxwii. figs. 14 — 17; 
Thomas (11) PL it. fig. 16; PL v. figs. 1, 2. 
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affinity to the recent genus. Similarly, names such as Laneites 
Cedrites and others implying a more precise determination than is 
suggested by Pityites may conveniently be used either as sub- 
generic or generic terms. 

In the account of recent Conifers allusion is made to the views 
held by students of fossil plants with regard to the relative position 
of the Abietineae and the Araucarineae in a chronological sequence. 
The types selected for description are intended to serve as guides to 
those who vdsh to draw conclusions from the geological records, 
but so long as we have to trust chiefly to impressions without the 
more certain guidance of anatomical data the inferences drawn 
cannot be regarded as other than provisional. The evidence of 
fossil seeds is difficult to interpret, as its value depends on the 
amount of importance to be attached to the occurrence of speci- 
mens closely resembling in the form of the wing the seeds of recent 
Pines and other Conifers. The winged seeds of Agathis difier in the 
shape of the membranous appendage from those of Abietineous 
species, and the oldest winged seeds attributed to the Abietineae, 
from Ehaetic rocks, exhibit a closer agreement with the Abietineous 
type. On the other hand it is questionable whether the form of a 
wing constitutes a safe criterion of affinity. A similar difficulty is 
presented by /winged’ pollen-grains: a bladder-like extension of 
the exine though usually associated with the Abietineae is a 
character which is not confined to that family. Foliage-shoots like 
those of recent Abietineae are recorded from Ehaetic rocks and 
later Mesozoic strata, but we have no means of determining in the 
case of the oldest examples whether their superficial resemblance 
to branches of and other genera has a phylogenetic signifi- 

cance. The generic name Pinites is applied by Eenault^ to a slender 
branch from Permian rocks in France bearing spirally disposed 
filiform leaves 3 cm. long apparently borne singly and directly on 
the main axis, not on short shoots. It is elsewhere suggested that 
this specimen, Pinites fermiensis, may belong to a plant allied to 
DicranopMjUum: there is certainly no adequate reason for the 
employment of the generic term Similarly an impression 

figured by Stur^ from the culm of Altendorf Pinites antecedens, 

^ Renault (93) A. Rl xxxii. fig. 1; (96) A. p, 377. 

2 pa,ge 101. ® Stur (75) A. H. XIV. fig. 4. 
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wMch I was able to examine in tbe Vienna collection, is too frag- 
mentary to be determined. The occurrence of linear leaves in 
fascicles is in itself no real evidence of Abietiiieous affinity; the 
elustered leaves of Czekanoivskia and Plioenicofsis, especially the 
former, though essentially similar in habit to the foliage-shoots of 
some Abietineae are generally believed to belong to plants of 
another class. The evidence furnished by petrified wood has 
already been considered: the important point is that there is no 
satisfactory case of the occurrence of fossil wood of Palaeozoic age^ 
having typical Abietineous features, a fact of importance in relation 
to the widely spread Palaeozoic woods agreeing in essentials with 
the Araucarian type. 

Pityites Solmsi Seward. 

This name was proposed for some cones attached to foliage- 
shoots as well as detached cones and vegetative branches from 
Wealden rocks on the coast of Sussex^: the type-specimens form 
part of the rich Eufiord collection in the British Museum. The 
branches are covered with the elongated persistent bases of scale- 
leaves and in the axils of these are borne numerous long needles 
(fig. 772). The cones are oblong and bear broad, rounded, scales 
like those of Pinus Strohis, P. excelsa (fig. 773; fig. 704), Picea 
and Abies; they agree closely with Pityostrobus Carrutkersi (Gard.) 
as also with P. Andmei (Coem.)^ from Lower Cretaceous rocks in 
Belgium and with the smaller cones from the Potomac formation 
described by Fontaine^ as Abietites ellifticus. The preservation is 
not suflficiently good to show the number of leases in each foliage- 
spur: the needles may have been borne in dense clusters as in 
Cedrus. In general habit the species resembles and Larix 

though the greater length of the needles is more in accordance with 
recent species of Pinus. Shoots similar to those of this species are 
represented by Prefinus statensis Jefi.^ from the Cretaceous beds 
of vKreischerville. Dr Stopes^ follovving the example of Berry, 
refers ’this species to Abietites. 

^ See page 220, also Thomson and Allm ( 12). 

2 Seward (95) A. p. 196, Pis. xvnT., XIX. Gardner (S6-). 

* Fontaine (89) B. PI. oxxxni. figs. 2—1. 

® Hollick and Jefeey (09) B. p. 19. 
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Pity ites (Pinites) eiremis s'p. noY. 

In Ms acGOunt of petrified material from Franz Josef Land 
Solms-Lanbach^ describes sections of a Pmws-like leaf from Bell 



Eig. 772* Pityites SolmsL (British Museum, V. 2169; nat. size.) . 

Island (Eira harbour) probably of the same geological age as the 
plant-beds of Cape Stephen, which is believed to be Upper Jurassic 
or Lower Cretaceous. Through the y ndness of the Director of the 

1 Solms-Laubach (04) p. 12, PL i. %. 14; PL ii. fig. 3. For evidence as to 
geological age, see Newton and Teall (97)> (98) ; Nathorst (99). 
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Geological Survey I have been able to examine the sections in the 
Jermyn Street Museum, Graf Solms-Laubach describes the leaves 
as oval in section, the upper face strongly convex and the lower 
almost flat as in two-needled Pines, but as shown in fig. 774, A the 
leaves, may be approximately cylindrical (1 mm. in diameter), like 
those of Finus monophylla or the leaves of Cedriis. There is a single 
■ vein accompanied by some radially disposed transfusion-tracheids, 
the whole being enclosed in a single, layer of rather thick- walled 



Fia. 773. Pityites Sobnsi. (British Museum, V. 2146; nat. size.) 

cells. There is no distinct division of the bundle into two halves 
but there are indications of the presence of a broad median medul- 
lary ray. The mesophyll-cells have prominent infoldings precisely 
as in recent Pines, Cedrus, md some other Abietineae (fig. 774, B; 
rf, fig. 694) : the epidermis has a thick cuticle and below it are 
1 — 2 layers of small thick-walled elements. Solms-Laubach speaks 
of two resin-canals, one at each side of the lamiha, but I was unable 
to distinguish any undoubted canals in the leaf shown in fig. 774. 
The occasional absence of canals in Abietineous leaves normally 






774 PUyitea {Pinites) eirensis. A, section of leaf. B, mesophyll enlarged. 
(Museum of the Geological Survey,) 


an interesting example of an Abietineons type, in all probability of 
Upper Jurassic age, exhibiting a remarkable resemblance to certain 
recent species especially Pimis monofhylla. 
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BITYOCLADUS. Nathorst. 

Under this name, used as a subgenns of Pinites, Nathorst^ 
includes branches bearing short shoots similar in habit to those of 
Cedrus. and Larix. Branches of this type, bearing leaves and cones, 
are illustrated by Pityites Solmsi (figs. 772, 773), but in some eases 
such vegetative shoots occur as detached fossils and it is to them 
that Nathorst’s term may conveniently be applied. The striking 
resemblance of the fossil specimens to shoots of Cedrus and Larix 
and the frequent association or attachment of needle-like leaves 
afford strong grounds for assigning the branch-fragments to the 
Abietineae. 

Pity ocladus Nathorsti Sewend. 

In his description of Schizolepis Follini Nath.- from Ehaetic 
rocks in Scania, Nathorst includes not only cones with lobed scales 
characteristic of Schizolepis but leaves and branches. ‘ Solms- 
Laubach^ expressed the opinion that we know nothing of the 
foliage of Schizolepis 'for there is nothing to make it even probable 
that the numerous needles which lie one above another in the beds 
at Palsjo, any more than the branches beset with needle-bearing 
shoots which Schenk has referred to this genus, have any connexion 
with Schizoleyis,’ In a later account of Schizoleyis, Nathorst^ 
suggests the advisability of separating the leaves and branches 
horn the Schizole'pis cones, though as he says the association of the 
two sets of organs in more than one locality may be significant. 
It is, therefore, preferable to assign the vegetative organs to 
Pityocladus, at the same time keeping in mind the possibility of an 
original connexion with the cones described under the generic name 
Schizolefis. In order to avoid confusion I have removed the 
branches and associated leaves horn Schizolefis Follini to a dis- 
tinct species Nathorsti. The specimens figured by 

Nathorst consist of (i) a fairly stout axis bearing a smaller lateral 
shoot like that on which the leaf-clusters oi Cedrus and Larix are 
borne; (ii) separate short shoots characterised by zones of small 
scars alternating with smooth areas ; (hi) numerous crowded linear 
leaves. 

^ Nathorst (97) p; 62. ^ (78) B. p. 28. 

3 Solms-Laubach (91) A. p. 70. « Nathorst (97) p. 38. 
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Pityocladus longifolius (Nathorst). [And PityofJiyllum longifolvum 
Nattorst.] 

This species was first described by Natborst^ from Rbaetic beds 
in Scania as Taxites longifolius and afterwards as 1 Gycadites. 


Fig. 776. Pityophyl- 
lum longifoUum. 
(Nat. size.) 


Fig. 775. Pityocladus longifolius. Leaves attached 
to a shoH shoot covered with scales. (Nat. size: 
a piece of lamina enlarged to show the fine trans- 
verse stria tions. From a specimen from Scania 
in the Stockholm Museum.) 

Moller^ adopted Nathorst'g generic name for de- 

tached leaves and that designation should be used for specimens 

^ Nathorst (78^) B. p; 50. ^ Moller (03) p. 40, PL vi. 
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whicli aiiord 210 evidence as to the nature of the axis. The specimen 
from the Stockholm Collection represented in fig. 775, from the 
Ehaetic rocks of Scania, is especially interesting as affording one 
of the few examples of leaves of the type known as Pityo^hjlhim 
longifolmm attached to an axis covered with short scales. The 
lamina varies from 1 to 5 mm. in breadth and may be broader: as 
seen in the enlarged portion the lamina is transversely wrinkled, an 
appearance characteristic of most forms of the broader PUyo- 
phyllum and probably produced by contraction on drying. 

There is little difference between this species and the leaves figured . 
by Nathorst from Scania as SeJiizolepis FoUini, An accurate 
specific delimitation of Pityophyllum leaves is hopeless. Detached 
leaves (fig. 776) similar to those shown in fig. 775 are recorded by 
Moller from Lower Jurassic beds in Bornholm, by other authors 
from Jurassic strata in Turkestan^, South Russia‘S, Oregon^, Spitz- 
bergenh and elsewhere. * 

Pityodadus ScJienM Seward. 

Schenk^ also refers to ScMzolepis several specimens of branches 
and leaves as well as cones which he includes in ScJiizolepis Braunii 
Schenk. The larger branches bear leaf-cushions and short lateral 
shoots with scale-leaves at the base, and in some examples tufts of 
needles occur on the short shoots. A specimen described by Braun 
as Isoetes pumilus is identified by Schenk in his monograph of the 
Ehaetic Elora^ as a leaf-bearing shoot like that of a recent Pine. 
The Swedish specimen represented in fig. 775, also of Ehaetic age, 
is similar to those included by Schenk in ScMzolepis Braunii. . 

Pityodadus hobuhensis 

This species originally described from the Jurassic beds on the 
Kubuk River in Chinese Dzungaria as Pinites’^ is founded on 
branches bearing short shoots almost identical with P. Schenhi. 
Short shoots not more than 1 cm. long are borne spirally on a 
thicker axis and covered with small leaf-scars (fig. 777) exactly 
as in the corresponding shoots of Cedrus or Larix. With the 

1 Seward (079 B. p. 32. 2 Thomas (11) p. 78, PI, vii, figs. 58-— 61. 

3 Fontaine in Ward B. (05) PL xxxv, ^ Xathorst (97). 

5 Schenk (67) A. PL xliv. figs. 1—4. ® Ihkl PL XLiv. fig. 2. 

7 Seward (11) p. 54, PL iv. figs. 47—51; PL v. fig. 65. 
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branches are associated numerous needles, 1 mm. broad and at 
least 5 cm. long, sometimes covering the 
whole surface of the rock. The specimens 
agree closely with the foliage-shoots of 
Pityites Solmsi: similar examples are 
described by Ettingshausen^ from Li- 
assic strata as Halochloris haruthina 
Ett. A branch with short shoots from 
Jurassic rocks in Amurland described 
as Pimites cf. P, kobukensis^ may be 
specifically identical with the Dzungaria 
fossils: an example of the same type 
lent to me by Dr Krystofovic from 
Jurassic beds of Amurland shows a 
forked lateral foliage-shoot. This author 
has^recently described a specimen from 
Jurassic rocks in Transbaikalia as Pin- 
ites {Pity ophyllum) cf, P. kohukensis^. 

Similar though smaller specimens Fia. 777. Pityocladus hohnhm- 
of Abietineous short shoots are de- f ’ 

TWT • /-o* Seward: nat. Size,) 

scribed by Nathorst^ as {P%tyo- 

cladus) spp. a and h from Upper Jurassic beds in Spitzbergen, and 
compared by him with SoimsL 

PITYOPHYLLUM. Nathorst. 

This name^ is applied to detached leaves of needle-like form like 
those of recent Pines or to long linear leaves broader and flatter 
than the needles of Some of the specimens referred to 

this genus are very similar to the leaves of Keteleeria. In a few 
cases (fig. 775) the leaves are still attached to a short shoot but 
usually they occur as detached specimens (fig. 776). The genus is 
met with in Ehaetic strata but is specially abundant in Jurassic 
floras and persists through Cretaceous and Tertiary rocks. The 
leaves generally described under this generic term are broader and 
flatter than such leaves as those of Pityites Sohnsi^ and recent 

^ Ettingshausen (52) B. PI. II. fig. 4. 

^ Seward (12®) PI in. 3 Krystofovic (15) PL vi, fig. 9. 

^ Kathorst (97) PL III. figs. 28---30, PL IV. figs. 13, 14, 23. 

^ Ibid. (97) p. 62. « See page 374; also Nathorst (97) PL v. figs. 1—10 
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Pines, and the presence of a fine transverse wrinkling on the lamina 
is a characteristic feature. Pityophyllum, if employed for both the 
narrower and broader forms, includes specimens which in all pro- 
bability belong to Conifers of more than one family: some are 
certainly Abietineous but the flatter and broader forms bear a 
closer resemblance to leaves of some species of Podocarpus, Cepha- 
lotaxus or Torreya, Nathorst, who instituted the generic name 
Pityofhyllum, recognises that many of the specimens so named 
have no real botanical value. Detached leaves of the type included 
in this comprehensive genus are of little interest; but it is note- 
worthy that such species as P. N ordenskioldi (Heer) and similar 
forms are characteristic fossils in Jurassic and Cretaceous strata. 

Pityophyllmn Lindstfomi Nathorst. 

Under this name Nathorst^ includes leaves described by Heer 
from Cretaceous strata in Greenland as Pinus Quenstedti and 
P. Peter seni^ also specimens from Upper Jurassic beds in Spitz- 
bergen. The leaves reach a length of at least 8 cm. and are 1 — 2 mm. 
broad; the lamina tapers gradually towards the base and is more 
abruptly narrowed in the apical region ; there is a prominent mid- 
rib on one side and sometimes indications of two finer marginal 
'veins,’ also other longitudinal striations which may mark the 
position of rows of stomata. These leaves are broader than those 
of Pityites Solmsi and narrower than very similar specimens 
described by Heer, Nathorst, and other authors as Pinus or 
Pityofhyllum Staratschini^ from Cretaceous and Jurassic rocks. 
Pityofhyllum N ordenskioldi^ (Heer) from rocks of the same age is 
another similar form having a tendency to a slightly sickle-shaped 
and transversely wrinkled lamina (c/. fig. 776). Pityofhyllum is 
abundantly represented in Jurassic Floras^: the specimens are, 
however, of very little interest to the botanist as it is impossible 
to assign them to a family position in the Coniferales. 

PITYOSTROBUS. Nathorst. 

This name is used in preference to Feistmanters genus Pmo- 
recently resuscitated by Dr Marie Stopes, on the ground 

1 Nathorst (97) pp. 40, 67, Pis. V., m 

2 (97) pp. 41, 68, Pis. v,, vi. ® Heer (78) ii. PL ii. ; Nathorst (97) p. 18. 

^ Por references see MoUer (03) p. 39; Seward (11) p. 53; Krystofovic (10) 

PL ni. fig. 10; Thomas (11) p. 78. 
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that Nathorst's term is more appropriate for speeimeiis which do 
not afford evidence of closer affinity to Pinus than to other genera 
of the Abietineae. In cases where the specimens may reasonably 
be regarded as more nearly allied to Pinus than to any other genus 
the designation Pinites may be added. 

There can be no question of the abundance of Abietineoiis 
Conifers in Tertiary floras and it is equally true that cones of the 
Pityostrohis type are widely spread in Lower Cretaceous strata 
especially in Europe. The evidence furnished by cones clearly 
points to the existence in Upper Jiirassic floras of Conifers closely 
resembling in the general form of their strobili recent members 
of the Abietineae. The wide distribution of cone-scales and cones 
of the Araucarian type in Middle Jurassic floras is in striking con- 
trast to the scarcity of cones of the Abietineoiis form in rocks older 
than the uppermost Jurassic and Lower Cretaceous series. 

Pityostrohis dejectiis (Carruthers). 

Carruthers^ speaks of this Kimeridge cone from Dorsetshire as 
the oldest example of a Pine-cone. It is represented by a single 
imperfectly preserved specimen, 2 x 2 cm., of globular form with 
partially destroyed broad and thin cone-scales: though it super- 
ficially resembles some recent Abietineous cones there is scarcely 
enough evidence to warrant its inclusion in the Abietineae. The 
cone was first described as Pinites depressus but owing to the 
previous use of that specific name by Coemans it was re-named 
P. dejectus^. 

Pityostrobus stfobifor7nis (Eliche Sind Zeiller), 

A species, described as Pmte stmbiforfnis^, from Portlandian 
rocks near Boulogne founded on a single incomplete cone similar 
in form and in the possession of apparently flat, imbricate, scales 
to Pinus excelsa (cf, fig. 704, p. 154). The surface-features are not 
shown on the weathered specimen and there is no definite informa- 
tion with regard to the number or position of the seeds, but as the 
authors of the species state the narrow elongate and slightly curved 
form of the cone, which was probably about 17 cm. long, affords a 
valid reason for comparison with recent Pines. 

1 CaiTuthers (692) ^ Ibid. (71) p. 2 . 

2 lUiche and Zeiller (04) p. 802, PL xix. fig. 6. 


XLVIII] 


PITYOSTROBXIS 


383 ^ 


Pityostrobus Sauvagei (Fliche and Zeiller). 

The type-specimen of this species^, from the Portlandian of 
Boulognej is an ovoid cone 4*5 cm. long characterised hy distally 
expanded scales and resembling the small cones of Pinus Larieio.. 
In the absence of further data precise identification is not possible 
though the fossil is probably correctly regarded as an Abietineous 
cone of the Pinus Pinaster type. Having regard to the fact that 
in this and the preceding species the determination is based solely 
on external form no very definite statement is admissible as to 
systematic position, but such, evidence as there is favours the view 
that in these two cones we have Jurassic representatives of two 
sections of the genus Pinus. 

Pityostrohiis Bunlceri 

Several detached cones bearing imbricate scales, broad and flat 
like those of Picea, some species of Abies in which the ovuliferous 
scales are longer than the bract-scales, and certain species of Pimis 
characterised by flat scales instead of the w^oody scales of the Pinus 
silvestris and P. Pinaster type have been described from British 
Wealden strata as also from other countries. Gardner^ instituted 
the following species: Pinites Carruthersi, P. valdensis, P. cylin- 
droides^, P. /pottoniensis^, but an examination of the type-specimens 
shows that the distinctive features are not sufficiently well marked 
to warrant so many specific names. The Lower Greensand specimen 
from Potton, P. cylindroides, is water-worn and the shape of the 
imperfect scales is not the original form ; it may possibly be identical 
with P. valdensis^ P. Carruthersi^ and P. pottoniensis, and there are 
no important features in which these forms difier from the longer 
cones of Pityostrobus Bunkeri. The cones from Brook in the Isle 
of Wight named by Carruthers^ Pinites Bunkeri were originally 
described by Mantell as Abietites Bunkeri^; they reach a length of 
over 33 cm. and have a breadth of 3 cm., they are elongate-oval and 
relatively narrow and the long scales are attached to a slender axis 
(fig. 778). The seeds, apparently two on each scale, are oval and 
compressed. Cones of similar form and length are described by 

^ Fliche and Xeiller (04) p. 804, PL XTX, fig. 7. 

^ Gardner (86^). 

^ See altso Seward (95) A. p. 193; Slopes (15) pp. 138, 140. 

^ Carrnthers (66^) PL xxi. figs. 1, 2. ® Seward (95) A. p. 194. 
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Veleiiovsky^ from Lower Cretaceous rocks in Bokeiiiia as Pinus 
longissima^ a species recently recorded by Dr Stopes^ from tlie 
Lower Greensand of England. 

Tbougb in the absence of foliage-shoots cones of this type cannot 
be assigned mth certainty to any one recent genus, their great length 
suggests comparison with those of Pinus Lanibertiwna and P. excelsa 
rather than with cones of recent species of Picea. 

Pityostrobus Leckenhyi (Carruthers). 

This species was first described by Carruthers^ from a specimen 
in the Leckenby Collection, Cambridge, from the Lower Greensand 
of the Isle of Wight. It is 10 cm. long and 5 cm. in diameter: the 



Fig. 779. Pityostrobus LecJcenbyi. From the Lower Greensand of the 
Isle of Wight. (After Carruthers; J nat. size.) 

scales agree in external form with those of Cedrus and Dr Stopes 
has recently proposed the generic name Cedrostrobus^ in order to 
emphasise this resemblance. Prof. Fliche® described a cone from 
the Argonne as Cedrus oblonga which he believed to be identical 
specifically with Abies oblonga of Lindley and Hutton, but 
Dr Stopes gives Fliche’s name as a synonym ot Gedrostrobus 
LechenbyL A cone of similar form is also described by Goemans 
from Belgium as Pinus Corneti^ and compared by him with Cedrus, 

^ Velenovsky (85) B. PI. i. figs. 14-— 17. 

^ Stopes (15) p. 141, text-fig. 38. 

3 Carruthers (69^) PL i. figs. 1—5. Stopes (15) p, 143, text-fig. 39. 

^ Fiiche (96) p. 200, PL vin. ® Goemans (66) p, 11, PL v. fig. 3. 
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Though superficially very like a cone of Gedrus (fig. 779), Pityo- 
strobus Lechenbyi also strongly resembles some species of Picea and 
Abies in which the bract-scales do not project beyond, the semini- 
ferous scales. I have adopted the non-committal term Pityostrobus 
as it is by no means certain that Carruthers’ type is more closely 
allied to Gedrus than to Abies. 

Dr Stopes includes in Gedrostrobus a second species, Gedrostrobiis 
MantellP, from the Lower Greensand of Kent which Carruthers 
originally named Pinites: she compares 'with it a Potomac cone 
described by Berry^ as Gedrus Leei. But these species do not afford 
any proof of close relationship to the recent genus Gedrus. It is 
probable that some of the numerous cones found in Lower Cre- 
taceous rocks belong to trees having the characters of Gedrus, 
though in the absence of more decisive evidence than has so far 
been furnished it would seem preferable to retain the wider design 
TiddioD. Pityostrobus. 

Pityostrobus Benstedi (Mantell). 

The small oval cone on which MantelP founded the species Abies 
Benstedi is from the Lower Greensand of Kent. It was subsequently 



Eia, 780. Pityosirohus Benstedi. Tangential section showing, os, oviiliferoiis scale; 
6s, bract-scale; o, the two ovules on the ovuliferous scale; e, endosi^erm; u\ wing. 
(After Stopes; X 8.) 

described by Carruthers^ as Pinites and regarded by him as prob- 
ably more nearly allied to than to Pinus. .Dr Stopes*^ has 

recently made a further examination of the structure of this type 

^ Stopes (15) p. 145, text-%. 40. 2 Berry (11) Fi. lxx. %. 4. 

® Mantel! (46) p. 52, PI. n. fig. 2, 4 Garruthers (66‘q p. 54l, 

® Stopes (15) p. 130, text-figs. 32, 33; Pis. x., XL 
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and believes it to be more closely related to Abte^. The cone-scales^ 
as seen in fig. 780, show their double nature, and on the semini- 
ferous scale are two ovules provided with wings, 21 K The ovules 
are immature and there is a small space in the middle of the endo- 
sperm (fig. 780, e), 

Fif^osirobus(Ppmte^^ 

This Aptian (Lower Greensand) species, originally named by 
Mantell Zcmiia siissexiensis^ and afterwards referred by Carruthers‘^ 
to Pinites, has recently been more fully described by Dr Stopes^ 
under Pinostrohus. The cone, M cm. long and nearly 5 cm. in 
diameter, bears overlapping scales with a thickened, curved, distal 
margin 2 cm. broad and, on the exposed surface of the specimen, 
1*3 cm. deep. The seeds, two on each scale, have a corrugated 
stone-layer in the testa and bear massive, broad wings. A section 
through the middle of a scale shovrs an irregularly scattered double 
set of variously orientated vascular bundles and resin-canals. The 
species closely resembles Pinus excelsa and P. Strobus and is con- 
sidered by Dr Stopes to occupy a position between these two types. 

The inference to be drawn from this and several other cones 
from Lower Cretaceous strata is that Abietineous cones having 
more or less flat scales as seen on the surface were more abundant 
in Europe in the early Cretaceous forests than those in which the 
distal ends of the scales are rhomboidal as in Pimis Pinaster, 

Pityostrobus oblong us (Lindley and Hutton). 

The type-specimen, a water- worn cone from Dorsetshire, pre- 
sumably from Lower Greensand rocks, was described by Lindley 
and Hutton as Abies oblonga^: it w^as assigned by some authors to 
Pinites. Williamson^ gave an account of a cone from Sidmouth in 
Devonshire, which he referred to Pinites oblongus, though Dr Stopes® 
expresses a doubt as to the identity of his specimen with that 
described by Lindley. Schimper^ employs the name Gedrus and 
Goeppert assigns the species to Abietites^. It is impossible to 
determine the position of the specimen represented in fig. 781 
among the Abietineae. 

1 Mantell (43) p. 34. s Qarruthers (66^) p. 541, PL xx. figs. 5, 6* 

3 Stopes (15) p. 123, Pis. x., xi, ^ Lindley and Hutton (35) A. PL 137. 

Williamson (86). « Stopes (15) p. 135. 

‘ Schimper (72) A. p. 299. ® Goeppert (50) p. 207. 
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The type-specimen hears a resemblance to f . Leckenbyi (fig. 
779); the scales are broad and thin at the distal end and the axis is 
relatively slender. The French specimens from Lower Cretaceous 
rocks referred by Fliche to this species as Cednis oblonga are con- 
sidered by Dr Stopes to be specifically identical with PUyostrobus 
LecTcenbyi. 



Fici. 781. Fityostrohiis oblongm. (After Lindley and Hutton, from Stopes; 

nat. size.) 

(Carruthers). 

A large cone 15 cm. long and 4 cm. in diameter composed of 
stout woody scales with hexagonal apophyses was described by 
Carruthers as Pinites hexagonus itom the Gault of the South of 
England^; it agrees externally with recent cones of the Pims/cr 
type but the distal ends of the scales are almost flat and nothing 
is known of the internal structure. The species may be compared 
with the Lower Cretaceous species P. 

Pityostrobus (Pinites) Andraei {Coemms), 

The cones of this species (fig. 782), the commonest type in the 
Lower Cretaceous rocks of Hainault^, are 10— 14 cm. long and 

^ Carruthers (71) p. 2, PL xv. - Heer (712). 

y Coemans (66) p, 12, PL IV. fig. 4; PL V. fig. 1. 
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2-25 cm. in diameter. The cone-scales are compared with those of 
Pinus excelsa, but the distal ends are stouter 


than in the recent species and more like those 
of P. Pinaster. Heer^ compares P. Andraei 
with his Piniis Qiienstedii from Moravia in 
which the scales have thick apophyses with a 
central umbo. The needles of the Moravian 
species are 20 cm. long and appear to be either 
3 or 5 in a fascicle. 

It is impossible within the limits of a general 
text-book to discuss the bearings of the nume- 
rous Tertiary records of Abietineous cones, 
many of them undoubtedly borne by species 
of Pinus. A few examples only are mentioned 
primarily in order to draw the attention of 
students to the importance of making a critical 
examination of Tertiary and Pleistocene Coni- 
fers, The neglect of Tertiary plants is largely 
due to the unscientific treatment by authors of 
detached leaves of Angiosperms which in many 
instances are referred to recent genera on wholly 
inadequate grounds, but the more trustworthy 



nature of the material on which species of Fia. 782. Piujostrobm 


Abietineous cones are founded deserves careful 
consideration and would probably yield results 
of considerable importance. 


{Pimtes) Andraei. 
(After Coemans; 
nat. size.) 


Pityostrobus (Pinites) ^nacroce'phalus (Lmihj and Hutton). 

This species, founded on a cone 12 cm. long and 6 cm. in 
diameter, was in the first instance described by Lindley and 
Hutton^ from an account furnished by Prof. Henslow and named 
Zamia macrocefhala; it was found near Dover and believed to be 
derived from the ‘ Greensand formation. ' A second specimen from 
Faversham in Kent was described by the same authors as Zamia 
€vata^. Endlicher^ assigned the cones to Zamiostrobus and Miquel^ 

1 Heer (69) p. 13, PI. ii. fig. 11. ® Lindley and Hutton (35) A. PI. cxxv. 

3 Ibid. (37) A. PI. ocxxvi A. ^ Endlicher (40) p. 72. “ Miquel (42) p. 75. 
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proposed the name Z. Henslowi: theii Abietineous nature was first 
recognised by Corda^ and Carruthers^ subsequently gave some 
account of the internal structure and employed the generic name 
Pinites. The discovery of additional specimens in situ enabled 
Carruthers to assign P. macroceflialus to Eocene beds at the 
junction of the Woolwich and Thanet beds with the London Clay, 
Both Carruthers and Gardner^ retain both specific names, but an 
examination of the specimens convinces me that there are no 
differences worthy of specific recognition. The following brief 
account is based on an examination of sections in the British 
Museum and in part on notes supplied by Mr Dutt of Queens' 
College, Cambridge, who is preparing a fuller account of the 
material^. The cones are ovoid-cylindrical and obtuse; the 
weathered surface (fig. 783) shows slightly convex polygonal areas 
without any trace of a central umbo. The axis is slender in com- 
parison with that of most recent species of Pinus ; the stele includes 
a fairly, large pith of thick- walled cells surrounded by a vascular 
cylinder in which foliar gaps are formed by the exit of the double 
sporophy 11- traces. It is noteworthy that no resin-canals occur in 
the xylem. A ring of large resin-canals lined with thin- walled 
epithelial cells occurs outside the phloem. The cone-scales are 
given off almost at right- angles and then bend sharply upwards 
and become slightly broader near the surface of the cone (fig. 
784, B). In one section a portion of a subtending bract-scale was 
recognised. The seminiferous scales are composed of thick- walled 
cells and contain idioblasts like those in Araucarian leaves, also 
resin-canals: two ovules occur in a depression near the base of the 
scales. The sporophyll- trace divides in the scale into several bundles, 
and in places there are indications of a second series of inversely 
orientated strands. The comparatively large ovules, nearly 1 cm. 
long, are attached by a short stalk; and in places the remains of a 
wing can be seen. Although the integument is thick and lignified 
and the micropyle closed there are no embryos and no indication 
of archegonia in the partially preserved nucellar tissue. In the 

^ Corda in Eeuss (46) B. 

^ Carruthers (662) pp. 53^^ 540^ pi^ 

® Gardner (86) pp. 63, 65, PI. xiv. 

4 Dutt (16). 
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ovule shown in fig. 784, A, the contracted niicelliis, n, forms a 
cylindrical column which presents a misleading resemMance to the 


Pig. 783. Pityostrobiis {Plnites) macroceplmlus. (x4fter Gardner; nat. size.) 


Pig. 784. Pityostrobus {Piniies) ^mcrocepJmlus. A, section of an ovnle; n, niieellus. 
B, longitudinal section of part of the cone. (From sections in the British 
Museum; B, slightly reduced.) 


prothallus tent-pole of ovules: at its blunt apex are two 

winged pollen-grains. Prothallus-tissue is also represented. 

Carruthers compared the species with Pinaster but the 
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surface-features are more like those of the cones of Piniis excelsa 
(c/. fig. 704, p. 154) and similar types. 

Pityostrobus (Pinites) Plutonis (Baily). 

This species was founded by Baily^ on part of a cone from the 
plant-beds in the basalts of Antrim and described, in greater detail 



Fig. 785. Pityostrobus (Pinites) Plutonis. (After Gardner; iiat, size.) 

and from better material from the same locality, by Gardner^. The 
cones are 7—9 cm. long and 2— 3 cm. in diameter, characterised by 
woody scales with snb-hexagonal apophyses with a central umbo 
and a rounded upper margin; there are two seeds with long and 
narrow wings on each scale. In one case (fig. 785) three cones are 
attached in an erect position to a branch covered with persistent 
leaf-bases. The foliage-leaves were born and reached a 

length of 10—15 cm. A similar type with shorter needles from the 
^ Baily (69) H. XV, %. 1. ^ (Gardner (86) p. 69, Pis. xv. — xvni. 
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same locality is named by Gardner Pirns Bailyi^. These Irish 
specimens agree in the cones and foliage-spiirs with such recent 
species as Finns halepensis and P. Pinaster^ but the apparently 
erect position of the cones of the fossil type is a distinctive feature. 

Tertiary cones similar to Pityostrobus Plutonis are illustrated 
by Pimis robiistifolia Sap.^ from Provence, P. Jro^5c%ea??u (Uiig.), 
originally described by Unger and recorded by Tiizson^ from 
Hungary, P, transsylvanica Pax^, a North American form, which 
the author of the species compares with Pinus Balfonnana, and 
P. f fae-rnontana described by Mogan^ from Lower Austria, 

Pityostrobus (Pinites) palaeostrobus (Ettingshausen). 

This type originally described by Ettingshausen® from Haring 
in the Tyrol is recorded from many Tertiary localities. The cones 
are ovate sub-cylindrical with scales of the Pimis Strohiis form and 
the needles are borne in fascicles of five. Heer”^ refers to this species 
some thin and long needles from the Miocene of Greenland, but it is 
not clear that the needles are in fives. The species is recorded from 
Hungary^, Germany, France, and elsewhere. A cone of similar 
form is described by Unger® from the Oligocene of Kumi as Pimis 
megalofis and it is associated vith quinary fascicles. 

Pityostrobus MacClurii (Heer). 

This species described by Heer^® as Pinus {Abies) MaeChmi 
from Miocene beds in Banks Land, lat. 74° 27' N. is represented by 
a specimen in the Dublin Museum. The narrow oval cone, 6 x 1*5 
cm., consists of imbricate scales with the upper margin rounded or 
irregularly truncate: some of the scales show indications of a pair 
of seeds. Though similar to cones of Picea, the fossil cannot be 
definitely assigned to any recent genus. Similarly, Miocene speci- 
mens of cones, scales, and leaves from Spitsbergen referred by 
Heer^i to P^m^ Abies L, do not afford satisfactory evidence of 
their generic position. 

I Gardner (86) p. 73. a Saporta (73) p. 94, PL ii. 

3 Tuzson (09^) p. 240, Pis. xiv., sv. t Pax (07) p. 310. 

3 Mogan (03) figs. 1— 3. « Ettingsliausen (55). 

^ Heer (83) PL lxx. fig. 8; PI. lxXxvii. figs. 5, 6. ® Stanb (85). 

Unger (67) PL XYi. ^ ^ ^ ^ ^ 

Heer (68) i. p, 134, PL XX. figs. 16— 18. 

II Ibm. (71) iii. p. 41, PL V. figs. 35—49. 
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While most of the Tertiary species of Pityostrobus agree closely 
with recent types some exhibit more or less striking peculiarities. 
A species described by Engelhardt and Kinkelin as Finns TimlerP 
from Pliocene beds near Frankfurt is founded on pieces of large 
cones characterised by cone-scales with a conical distal end having 
3 to 6 flat surfaces (fig. 786, A). The authors compare it with 
Finns Oerardiana from Afghanistan. 



LoehH. See page 370. (After Engelhardt and Kinkelin; nat. size.) 

The material obtained from Pleistocene beds is often well enough 
preserved to afford trustworthy data with regard to the later geo- 
logical history of different genera, Clement Reid^ identified a small 
cone from the Cromer Forest bed as Pintos and from this 

horizon in Sweden Nathorst^ records the same species ; it is recorded 
also from Pleistocene deposits associated with Elephus frimigenius 
in France^ and similar evidence has been obtained from Switzer- 
land, Germany, Denmark, and other regions. At a later date the 
former range ot Pinus sihesins and other types is illustrated by the 

^ Engelhardt and Kinkelin (08) p. 205, PL xxv. figs. 1 — 4. 

VReid, C, and E, M. (15) PL I. figs. 7, 8. 

® Nathorst (10) p. 1354. ^ Eliche (00). 
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evidence of submerged forests and, as we ascend tbe scale, the records 
become more legible and the prehistoric 
merges into the historic era. 

A cone apparently identical vdth the 
Spruce Fir {Picea excelsa) found in the Pre- 
glacial beds on the Norfolk^ coast (fig. 787) 
is a relic of the flora which existed in 
England when the Rhine after receiving 
' many large tributaries- — now separate 
rivers — seems to have flowed across the 
present bed of the North Sea.’ The same 
species is recorded from Pliocene beds on 
the Dutch-Prussian frontier, also from the 
valleys of the Main and Neckar, the speci- 
mens from the latter locality being referred 
by Gliick^ to Picea excelsa var. aJqoestris, 

Sernander^ has discussed the past history 
of Picea in Scandinavia and quotes records 
of the occurrence of the genus in other 
parts of Europe. Similar instances of the 
wider range of Abietineous genera are given 
by Berrys and other authors who W 

described Pleistocene plants in North Pre-glaeial beds at Mun- 

America. From the facts at present avail- desley, Norfolk. (Aftei* 

able it would seem that Pimis Sbiid allied size.) 

genera were more abundantly represented in the Tertiary and Post- 
Tertiary floras in Europe than in American strata of the same age. 

PITYANTHUS. Nathorst. 

Pityanthiis gmnulatus (Heer). This species, described by Heer^ 
from the Patoot (Cretaceous) beds in Greenland Ofhioglossum 
granulaium md afterwards described by Newberry® from the 
Amboy clays, has .recently been identified by Dr Stopes'^ as a long 
microstrobilus of some Abietineous Conifer, probably a Pinus, 

1 Reid, C. and E. M, (08) PL xv; fig. 147. 2 Gliick (02). 

3 Sernander (93). See also Andersson (10) and W. B. Wright (14) for excellent 
summaries of Pleistocene history. 

^ Berry (07); (10»); Penhallow (04). ® Heer (83) PL lvii. figs. 8, 9. 

« Newberry and Hollick (95) PL ix. figs. 11—13. ' Stopes (liq text-figs. 1, 2. 
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This author examined the American specimen, which she regards 
as a fertile shoot of a three-needled Pine: the strobilus is 35 mm. 
long and from it winged pollen-grains were isolated. In its unusual 
length the strobilus resembles the male flowers of Pimis australis 
from Florida. 

PITYOSPERMUM. Nathorst. 

The few specimens chosen for description afford examples of 
some of the oldest records of fossils, agreeing in the form of the wing 
with recent Abietineous seeds and, as far as I know, none have been 
discovered in strata below the Rhaetic. From Tertiary rocks 
numerous winged seeds are recorded, but these are of no special 
interest and they are usually accompanied with foliage-shoots, 
cones, or other fossils which afford more trustworthy data as to 
relationship. 

Pityospermum Lundgreni Kathorst. 

Nathorst described several winged seeds from the Rhaetic beds 
of Scania as Pinus Lundgreni ^ ; they are 9— -1 1 mm. long and 4 mm, 
broad, the actual seeds being 3 — 4 mm. in 
length. Two examples from Stabbarp in the 
Stockholm Museum are represented in fig. 

788, To the same species Nathorst referred 
some imperfect cylindrical cones bearing 
thin imbricate scales and reaching a length Fig. 788 . Piiyospermim 
of 8 — 5 cm. and a diameter of 2 cm,; Lundgreni. From Stab- 
lie also suggested the possibility that some 
short shoots and long needle-like leaves de- nat. size. ) 
scribed as Schizolepis Follini Nath, may 
belong to the plant which bore the cones and seeds. In a later 
account of he expressed the opinion that in the 

absence of any proof of actual connexion the leaves and short 
shoots should be separated from Schizolepis and included in 
Pinites. These leaf-fascicles are described under the name Pityo- 
phyllum and the seeds, which occur as separate fossils, are alone 
included iiv Pityospermum Lundgreni, The striking resemblance 
of the seeds to those from Franz Josef Land (fig. 789) and recent 

^ Xathorst (78) B, p. 31, PI. xiv. figs. 9 13—17; PI xv. fitrs. 1—2. 

2 Ibid. (97) p. 38. ^ 
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Abietineons seeds is a valid reason for suggesting the iiielusioii 
of the Ebaetic specimens in the Abietineae, though it would be 
going too far to conclude that the seeds were borne on cones 
generically identical with or even closely related to those of any 
existing representative of the family. A Pliocene seed figured by 
Engelhardt and Kinkelini as Pimis Tirnleri i^g. 786, B) bears a 
close resemblance in the form of the wing to some of the Khaetic 
specimens. 

Pityosfefmimi Nilssoni 'Ed,t]xox^t, 

This species, also from the Rhaetic flora of Scania^, is character- 
ised by the much longer wing (2*7 cm.) which in size and form 
differs much more widely than PUyospenmim Limdgreni, P. Nmi- 
senii and other Jurassic types from the wings of any recent seeds. 

Pityospermum Nanseni Nathorst. 

The seed shown in fig. 789, A, 11 mm. long, is drawn from a 
specimen in the Museum of the Geological 
Survey ( Jenny n Street) collected by Dr 
Koettlitz in Franz Josef Land and of 
Upper Jurassic or Wealden age: this and 
other seeds are figured by Newton and 
TealP. The name Pityospermum Nanseni 
was applied by Nathorst^ to similar speci- 
mens obtained by Dr Nansen from, the same FiUjospermum 

region. Other winged seeds from Franz sp. (A, drawn 

Josef Land closely resemble Heer’s species a specimen in the Museum 

Pinus Maahiana^ from Jurassic rocks in the Geological Survey 
. 1 Va 1 £ w 1 hgured by Newton and 

Siberia. A seed, L2 cm. long, from Weal- Teall; B, from a speci- 

den beds in the South of England is repro- men, V, 2323, in the 
duced in fig. 789, B®: tHs is possibly a 
distinct species, but the specific determina- 
tion of separate seeds of this form is of little value unless the 
differences are well marked. The important point is the striking 
resemblance between such seeds as those shown in figs. 788, 789 

^ Engelhardt and Kinkelin (08) PI. xxv. fig. 4. 

Nathorst (78) B. p. 32, PI. xv. figs. 17— 19. 

^ Newton and Teall (97) PL xxxvni. 

^ Nathorst (99) p. 18, PL n. figs. 12, 13. 

® Heer (77) ii. PL xvi. fig. 1. « Seward (9.5) A, p. 198. 
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and seeds of recent Pines and other Abietineae. It is not possible 
to determine the precise generic affinity of seeds of this type, but 
their practical identity with recent Abietineous seeds warrants 
their reference to that family. 

PITYOSPORITES. Seward. 

This generic name has been adopted^ for spores, provided with 
bladder-like extensions of the exine, agreeing in size and form with 
those of recent Abietineous genera. Winged pollen occur also in 
the Podocarpineae, but the fossil examples so far recorded are much 
more like the microspores of Abietineous genera than those of 
and 

PityosforitesantaTCticus^^w^ 

In the course of examining sections of wood collected by 
Mr Priestley on the Priestley Glacier (approximately lat. 74° S.) 1 
noticed two small microspores in the siliceous matrix of the partially 
decayed stem^: one is shown in fig. 491, G (VoL ni. p. 298); the 
longest axis is 80 g and the central part bears two bladders charac- 
terised by a fine surface-reticulation similar to that on recent spores. 
A microspore of has a length of 75^6. It is very 

unlikely that the spores have any connexion with the stem in which 
they are preserved; they bear a much closer resemblance to the 
microspores of Abietineous genera than to the spores of the Podo- 
carpineae: the probability is that the Antarctic specimens belong 
to some Abietineous Conifer though this cannot be definitely stated. 
It is probable that the upper part of the Beacon Sandstone, from 
which the boulder containing the fossil is believed to have been 
derived, is not older than Lower Mesozoic, c.p. Rhaetic. 
Pityosporites sp. 

Among the spores found by Nathorst^ in Liassio clay from Hor 
in Scania were several Mnged microspores, one of which is repro- 
duced in fig. 790, 0 from a photograph kindly supplied by Prof . 
Nathorst. The length of the spore is about lOOg and in the 
shape of the bladders it agrees closely with the microspores of 
Piceaexcelsa^; 

^ Seward (14) p. 23. 2 p. 23, PL viii, fig. 45. 

3 Nathorst (08) p. 13, PI. II. 

^ Kircliner, Loew, and Scliroter (06) p. 151, fig. 68. 
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Pityosporites sp. 

In Ms account of petrified plant-remains from Franz Josef 
Land, probably of Wealden or approximately 'VVealden age, Graf 
Solms-Laubacfii mentions the occurrence of well preserved pollen 
with bladders and figures a piece of a cone with flat scales similar 



JfiG, 790. A, B, Pityosporites sp. from Franz Josef Land, C, Pityosporites sp. 
from Scania. (A, B, from specimens in the Museum of the Geological Survey j 
C, after Nathorst.) 

to that of a Picea. The drawings reproduced in fig. 790, A, B 
were made from specimens found in sections of the material 
examined by Solms-Laubach in the Geological Survey collection. 
The longest diameter is 70 — 90^; in form and size the microspores 
resemble those of recent Pines. The apparently broad wall shown 
in fig. 790, A is the result of the obliquity of the section. 

ENTOMOLEPIS. Saporta. 

Entomolepis cynarocephala Saporta. Saporta^ instituted this 
generic name for some cones from the Oligocene plant-beds of 
Provence 8—10 cm. long, ovate-elliptical, and composed of spirally 
arranged coriaceous scales not thickened at the apex but prolonged 
beyond the imbricate broad portion into a long recurved, acuminate 
and fimbriate, spinous process. JsTo seeds have been found and 
there is no evidence as to internal structure. Saporta considers 
the cones to belong to some extinct type and, as Zeiller^ says, they 
are probably Abietineous. 

Solms-Laubach (04) p. 11; 

^ ^»/ro/.cos, cut up; XcTT^s, scale. Saporta (65^) p. 55, PL ii. fig. 3. 

3 Zeiller (00) B. p. 278. 
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CROSSOTOLEPIS. Fliche. 

Crossotolepis Perroti Fliche. TMs generic name^ was proposed 
for an imperfectly preserved cone, from Oligocene beds near 
Embriin in the French Alps, of elongate-cylindrical form, 13*3 cm. 
long and 3-5 cm. in diameter, characterised by the fimbriate edge 
of the imbricate, highly inclined, scales, which bear two seeds. 
The cone agrees closely with several recent Abietineous types 
especially with Picea Menziesii and other species of Picea, but is 
distinguished by the deeply fimbriate upper margin of the thin 
cone-scales; it is difficult to determine how far this feature is the 
result of secondary causes: Fliche believes it to be an original 
character comparable with that which led Saporta to found the 
genus Entomolepis for an Oligocene cone from Armissan in Provence. 
It is not certain whether the seeds are winged. Fliche is no doubt 
correct in his conclusion that Crossotolepis is an Abietineous cone 
closely allied to Picea and probably related to Entomolepis, He 
refers the two Oligocene genera to the Abietineae ; they differ 
from any recent forms in the greater dissection of the distal edges 
of the seed-bearing scales, which in this respect are comparable 
with the more feebly lobed scales of the cones of Picea Engelmamii 
and other species. Our knowledge of both genera is, however, 
meagre and all that can be said is that the type-specimens afford 
some evidence of the former occurrence of some Tertiary Abietineous 
Conifers distinguished by the distally dissected scales from any 
recent types, 

PREPINUS. Jeffrey. 

This genus was instituted^ for lignitic specimens of short shoots 
and leaves from Middle Cretaceous beds on Staten Island, N.Y. 
characterised by the large and indefinite number of leaves borne 
on a single short shoot, the presence of a basal sheath of scale- 
leaves, and by certain anatomical features, particularly the mesarch 
structure of the single leaf-bundle, the oecurrence of a complex 
system of transfusion tissue, and other features. 

^ /v'pocrcrwr(5s, fringed, tasselled. Eliche (99) p. 474, PI. xii. 

2 Jeffrey (082) Pis. xni., xiv.; HolHck and Jeffrey (09) B. p. 19, Pis. ix,, 
xxn.— XXIV..',/ 


.XLvm] 


PEEHHXTS 


401 



Pig. 791. Prepinus statenais. A. Transverse section of a detaclied leaf believed 
to belong to P. statensis. B. Short shoot showing the basal portions of needles 
and, below, the scars of scale-leaves. C. Transverse section through part 
of a leaf-fascicle. (After Jeffrey; A, x30; B, x7; C, x 9|. ) 

more than 20 on a single shoot. Scars of scale-leaves are represented 
by rhombic areas near the base. There is no evidence as to 
the nature of the branches on which the foliage-spurs were pro- 
duced. The leaves are polygonal in section (fig. 791, A, C) : there 
are two marginal resin-canals and a single median vascular bundle 
as in some recent Pines. There is a considerable development of 


Pfepinus statensis 

The short shoots (fig. 791, B), rather less than 1 cm. long, 
consist of a relatively broad axis bearing on the upper part iiiime- 
rous spirally disposed truncate portions of leaves, in some cases 
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sclerous tissue iu the ground-tissue of the leaf and a complete 
absence of mesophyll with infolded walls like that of recent and 
some fossil Pines (c/. fig. 774). The phloem is represented by a 
crescentic space in the leaf shown in fig. 791, A. The dark zone 
surrounding the bundle consists of thick-walled and relatively 
long transfusion- tracheids and external to these is a broader sheath 
of short transfusion-tracheids, but there is no endodermal layer 
and no admixture of parenchyma with the tracheids. The xylem 
is composed partly of centripetal and in part of centrifugal elements : 
the centrifugal xylem forms an uninterrupted arc next the phloem, 
and between this and the transfusion-tissue on the lower side of 
the bundle seen in fig. 791, A the centripetal xylem is represented 
by radial rows of tracheids separated by spaces. Spiral proto- 
xylem elements occur between the two groups of metaxylem. It 
is interesting to find similar transfusion- tissue in some leaves of 
true Pines described by Jeffrey , from the same beds, but their 
bundles are double and composed of centrifugal xylem. only as in 
modern species. 

The pith of the axis of a Prepinus shoot contains, nests of 
sclerous cells: the leaf-traces pass through the cortex as single 
bundles, and the single ring of wood contains a row^ of resin-canals 
blocked by tyloses. The tracheids have uniseriate bordered pits 
which are often contiguous and separated by Sanio’s rims. 

Jefirey compares this species with Pinites (=^Pityites) Solmsi 
Sew.^ (fig. 772) from English Wealden beds and with shoots 
described by Fontaine^ from the Potomac series under Heer’s 
generic name Leptostrohus. 

Prepinus viiicitensis Je&Qj. 

This species® was founded on specimens of short shoots from 
the Lower Cretaceous clays of Gay Head, Martha’s Vineyard, 
Massachusetts, which are considered to be closely allied to Pityites 
Solmsi. The wood of the axis, representing a single year’s growth, 
contains two series of resin-canals and, as in the type-species, the 
canals of the leaves are in continuity with those in the coitex of 
the shoot- axis, whereas in recent Pines the leaf-canals end blindly. 

Seward (95) A. p. 196, Pis. xvni., xix. See page 373. 

2 Fontaine (89) B. p. 227s Pfe. ci.— civ. etc. ® Jeffrey (10). 
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As the choice of the name Prepinus implies, Jeffrey regards 
the type of foliage-shoot represented by these species as the direct 
ancestor of the leaf-spurs of recent Pines. The shoits shoots of 
Prepinus are smaller than those of existing species ot Pinus, but 
in the numerous and spirally arranged leaves they resemble those 
of Cedrus and Larix, Anatomically the fossil leaves difier widely 
from any Abietineous types, and were it not for the occurrence of 
true Pine needles in association with Prepinus, which to some 
extent bridge the gap between Prepinus and Pinus, one might be 
sceptical with regard to the close affinity of Prepinus to recent 
Pines. Jefirey compares the structure of the leaf of P. statensis 
with that of some leaves of Gordaites, but the agreement is probably 
not so close as Dr Stopes’ description^ quoted by Jeffrey, suggests. 
Jeffrey^ regards the short shoots of Pinus and other Abietineae 
as a primitive attribute of the Coniferous stock and as one of several 
reasons for believing the Abietineae to be the oldest tribe of 
Conifers. Prof. Thomson^ has recently discussed the value of the 
evidence based on the short shoots of Pinus and Prepimis and 
comes to the conclusion that the foliage-spurs of Pinus are 
specialised shoots and do not belong to the category of primitive 
forms. In Cedrus, Larix, and Pseudolarix the leaves are spirally 
disposed on the short shoots, while in Pinus they are fewer and 
cyclic. The frequent occurrence of more than the normal number 
of leaves on the foliage-spurs of Pinus has already been mentioned : 
in healthy plants supernumerary foliage-leaves are not uncommon 
and an increase in the number of needles is also induced by 
wounding. The spirally arranged scale-leaves below the wffiorled 
leaves on a short shoot of Pinus are homologous with the scale- 
leaves on ordinary branches, and on seedling Pines they are re- 
placed by the primordial leaves ; transitional forms occur between 
these three forms of leaf. The persistent short shoots of Cedrus, 
Larix, mi Pseudolarix, as also oi Ginkgo, are regarded as the more 
primitive condition as compared with the deciduous nature of the 
cyclic foliage-shoots of Pinus. Thomson notes that short shoots 
of Pmt^s may proliferate like those of Gedriis mi Larix: ^ 
concludes that ancestrally 'the leaves of the Pines were spirally 
arranged on ordinary branches and that the spur is derived from 
1 Stopes (03). y Jeffrey (lOq p. 331. ® Thomson (14). 
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tills condition.’ Tlie fossil shoots from the Potomac series de- 
scribed as Leptostfobus longifoUus diSei in the larger number of the 
needles from modern Pines and resemble abnormal short shoots 
of Pinus excelsa^ produced by wounding. The short foliage-shoot 
of Prepinus furnishes a more completely known example of a 
branch bearing spirally disposed leaves. In view of the palaeonto- 
logical evidence and of the facts obtained from a study of recent 
Pines it would seem that^, as Thomson holds, the present form of 
the Pine spur is the result of specialisation and not a primitive 
feature. 


^ Thomson fl4), PL xxii. fig. 10. 


CHAPTER XLIX. 


PODOCABPIMAE. 

The data on wMcli to base any conclusions as to the antiquity 
or former distribution of the genus Podocarpus or of Conifers 
believed to be closely allied to recent Podocarps are unfortunately 
derived from records which in the majority of cases are far from 
satisfactory and consist mainly of detached leaves. Velenovsky^ 
refers some linear leaves from the Perucer series of Bohemia to 
Podocarpus {P. cretacea), but they exhibit no distinctive characters. 
Some of the numerous leaves described as species of Podocarpus 
are in all probability correctly regarded as Tertiary representatives 
of the recent genus^ but it is often impossible to state with any 
confidence that detached leaves should be referred to Podocarpus, 
or preferably to Podocarpites, rather than to a more comprehensive 
genus such as Taxites or Elatocladus. In spite of the fragmentary 
nature of the evidence and the fact that no undoubted example of 
a Podocarpus fertile shoot has been discovered, an examination of 
the published records leads to the conclusion that in Tertiary floras, 
particularly in those of Eocene age, species closely allied to existing 
Podocarps were abundant in Europe, a conclusion that is especially 
interesting from the point of view of the present geographical 
distribution of the Podocarpineae. A brief account of some of the 
better known examples of Tertiary species of Podocarpus, which are 
transferred to the genus in accordance with the practice 

usually adopted in the case of fossil species, may serve to illustrate 
the nature of the material and the wide range of the specimens. 

Dr Guppy ^ in his very suggestive remarks on the present dis- 
tribution and means of dispeiseil oi Podocarpus m Tf we 
assign a home in the high latitudes of the northern hemisphere to 
a genus that was well represented in Europe in the Tertiary period, 
a movement of migration southward would explain most of the 
.difficulties in the present distribution. The great vertical range 

1 Velenovsky (85) B. PI. xn. %s. 5— 11. a Guppy (06) p. 302. 
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of some of the species leads us to attribute a corresponding power 
of adaptation to the genus in respect of widely different climates.... 
With such a capacity for adaptation, migration of the genus would 
be rendered easy over the globe.’ The geological history of the 
Podocarpineae is unfortunately very fragmentary but such data 
as are available lend support to the view that there was ^ a centre 
of diffusion in the extreme north/ the present distribution of fche 



A B C 

Big, 792. Podocarpites eocaenica, 

(A, after Heer; B, C, after Gardner; nat. size.) 

family being as in the case of the Araucarineae the result of 
migration from other parts of the world where the plants are now 
represented only in the floras of a bygone age. 

PODOCARPITES. Andrae. 

Podocarpifes eoeaenica 

This species, from Eocene beds in South Styria, was founded 
by Unger ^ on detached sub-falcate leaves 3— 12 cm. long (fig. 
792, A) with a short petiole or a more or less sessile lamina. 
^ Unger (51) p. 158, PI. xxin. figs. 11 — 16. 
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Gardner^ has described examples of this species from the Middle 
Bagshot beds of Bournemouth^ the Lower Bagshot of Alum Bay 
in the Isle of Wight, and from other British localities. A good 
impression from Bournemouth is reproduced in fig. 792, B: the 
leaf is 7 cm. long and 3 mm. broad, the apex is sharply pointed 
and there is no petiole. Fig. 792, C shows a leaf of slightly different 
form 'which may belong to the species. No reproductive organs 
have been found. Ettingshausen^ records specimens of this type 
from Eocene beds at Haring in the Austrian Tyrol where the 
species is said to be abundant, from Leoben® in Styria, Bilin^ in 
Bohemia, Sagor in Carinthia®, and elsewhere. Heer® states that 
the species is common in Swiss Eocene deposits and Engelhardt^ 
describes examples from Oligocene rooks in Bohemia. A similar 
or perhaps specifically identical type was figured by Lindley^ from 
Eocene plant-beds at Aix in Provence as Podocarpus nifterophylla, 
but Saporta^, who figured additional specimens from the same 
locality, proposed the name Podocarpus Lindleyana on the ground 
that Lindley’s designation implies identity with a recent species. 
A leaf referred to P. eocaenica is figured by Massalongo^® from 
Tertiary beds in Italy. 

Some vegetative shoots originally described by De la Harpe^^ 
from Alum Bay as Cupressites elegans are referred by Gardnk^‘^ to 
Podocarpus and this determination derives support from the variety 
in the foliage illustrated by his specimens in some branches the 
linear leaves are two-ranked while in others the leaves are spirally 
disposed and three-sided, a diversity met with in recent species. 
The imperfectly preserved fragment reproduced in fig. 793 from a 
careful drawing by Miss Woodward of the actual specimen is 
figured by Gardner as a fertile branch bearing a single seed with 

^ Gardner (86) p. 48, PL n. figs. 6 — -15. 

^ Ettingshausen (55) p. 37, PL ix. figs. 14, 15. 

3 (882)p. 277. 

^ lUd. (672) p. 118, PL xni. figs. 1, 2. 

5 (gg) PI. xxvm. fig- 12. 

Heer (55) A. p. 53, PL XX. fig. 3. 

7 Engeihardt (85) p. 315, PL vm. figs. 37, 38. 

** Lindley in Murchison and Lyell (29) p. 298, fig. A. 

® Saporta (62) p. 216, PL n. fig. 7. 

Massalongo (59) p. 166, PL V. fig. 36. 

Be la Harpe in Bristow (62) p. Ill, PL v. fig. 3. 

12 Gardner (86) PL vm. _ 
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a fleshy base as in certain existing species^ but the details are too 
indistinct to afford any proof of affinity to Podo- 
carpus, Gardner also describes a globose wrinkled 
seed, 16 mm. in diameter, as ? Podocarpus argillae- 
londimnsis^ from the London Clay which bears 
a close resemblance to the seeds of Podocarpus 
data. The specimens from Eocene beds in the 
Island of Mull described by Gardner^ as Podo- Podocar- 

carpus borealis, consisting of small falcate leaves pites eUgans. Sup- 

and seed-like bodies, are too imperfect to be posed fertile slioot. 

determined wnth accuracy. Eig. 794, 0, C' repre- Brltfs^^*^^Museum 
sents a type from Bournemouth described as figured by Gard- 
Podocarpus incerta which differs from o ther species ) 



in the absence of a definite midrib ; the linear-lanceolate coriaceous 


leaves, reaching a length of 3 cm., are decurrent and appear to have 
several parallel veins, a feature characteristic of the section Nageia: 



Fia. 794. A, B, Sequoiites Tournali (see p. 353). C, G', Podocarpites incerta. (Prom 
specimens in the British Museum described by J. Starkie Gardner ; A, B, V. 524; 
C, V. 522; nat. size.) 


it is, however, doubtful whether this species should be included in 
a genus implying affinity to Podocarpus. Some leaves figured by 
Schmalhausen^ from Oligocene strata in Russia as species of 
Podocarpus am too imperfect to afford any trustworthy evidence 
as to the occurrence of the genus Podocarpites. Ettingshausen ^ 
^ Gardner (86) p. 52, PL ix. figs. 36, 36. ^ (37^ ^ pp ^ 3__1P 

3 Schmalhausen (83^) PL xxxn. « Ettingshauseu (86) PL vin, figs. 25—27. 
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describes as Po(?omrpi«5 f me-m 2 )fessma foliage-sboots and a very 
imperfectly preserved seed from Eocene rocks in New South Wales : 
the same author records Podocarpus Parheri^j a doubtful species, 
from New Zealand. 


Podocarpites CamphelU Gardner. 

Shoots bearing leaves similar to those of P. eocmnica are 
described by Gardner from the Eocene plant-beds in the basalts 



of Mull as Podocarpus CamphelU^ (%. 795). The linear acuminate 
straight or slightly curved leaves with a contracted decurrent base 
are about 7 cm. long and possess a well-defined midrib. Gardner 
states that the late Prof. Oliver regarded the fossils as the branches 
of some Podocarp; they are compared with Podocarpus falcata of 
the Cape and Tropical Africa and with the South African species 
P. Thimbergii. 

^ Ettingshausen (87) PI. I. figs. 12 — ^14. 

2 Gardner (86) p. 97, PI. xxvi. 
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Fossils believed to he related to Daceydium. 

The records of the rocks afiord very little information with 
regard to the past history of Conifers allied to the recent genus 
Dacrydium, The marked dimorphism of the foliage-shoots (fig. 7 08^ 
p, 160), their close resemblance to branches of some other Conifers, 
as also to Lycopodiaceoiis plants and some of the larger Mosses, 
are serious difficulties in the way of recognising representatives of 
this genus among impressions of vegetative branches. It is inter- 
esting to find that the most promising piece of evidence of the 
occurrence of a fossil type {Stachyotaxm) to Dacrydium h 
furnished by a Ehaetic flora, a fact pointing to a high antiquity 
of the plan of reproductive shoot characteristic of existing species. 

Schenk^ compares with Dacrydium some obscure and small 
fragments from the Coal Measures of China which he described as 
Oonchophyllum RicMliofeni, but there are no substantial grounds 
for such comparison. The specimens consist of pieces of slender 
axes bearing spirally disposed bracts or small leaves showing at the 
base of the ovate- oblong lamina a slight depression from which a 
seed may have fallen. The Lower Cretaceous foliage-shoots" from 
Bohemia described by Velenovsky^ Dacrydimn densifolium have 
no claim to be accepted as branches of a Podocarpineous Conifer. 
Ettingshausen^ figures from Eocene beds in Australia and New 
Zealand sterile twigs assigned respectively to Dacrydium cupressi- 
noides and D. prae-cupressinum\ in neither case is there any evi- 
dence as to the nature of the reproductive organs, and the form 
of the foliage-shoots might with equal probability be interpreted 
as evidence of other Conifers or of some Lycopodiaceous plant. 

STACHYOTAXUS. Nathorsb. 

Nathorst. 

The genus was instituted for some Rhaetic 

specimens from Scania originally named by Bar gassum 

septentrionale diiii Gaulerpa septentrionalis; the former was re- 
named by Nathorsb CarpoUtkes septentrionalis and the latter 

1 Schenk (83) A. p. 223, PL xlh. figs. 21—26. 

- Velenoysky (85) B. PI. xn. figs. 1—2. 

3 Ettingshausen (86) PL vni. figs, 23, 24; (88) PL i. fig. 19. 

^ Natkorsi (86) p. 98. 
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Cyparissidium septentrmiale. The discovery of additional material 
led Nathorst to transfer some of the specimens to a new genus 
Stachyotaxus. The foliage-shoots of hachyotaxus elegcms^ 
dimorphic; some of the leaves are appressed and imbricate as in 



Fig, 706. Stachyotaxus elegans. A, B, | nat. size; P, slightly enlarged; 

D, x 3J. (After Nathorst.) 

Cyparissidium and some other Conifers while others are linear 
and distichous (fig. 796, A), sessile and decurrent, with a lamina 
reaching a length of about 1 cm. The epidermal cells have straight 
walls and the stomata occur in two rows on the lower surface. 
The megastrobili (fig. 796, B) have the form of spikes about 
1 Nathorst (08^) p, 11, Pis. n., in. 
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5-”-6 cm. long; the fairly stout axis bears sporophy Us, approxi- 
mately at right-angles, consisting of a short and relatively thick 
stalk expanded into a triangular scale bearing two ovate seeds, 
3-— 3*5 Him. long, each being enclosed basally in a cupule (fig. 796, 

C, D) : the distal end of each sporophyll forms an upturned acumin- 
ate apex. The cuticle of the seed-coat shows that the latter 
consisted of thick- walled cells, and within the testa Nathorst found 
the remains of a much more delicate membrane, possibly repre- 
senting the nucellus. Nathorst compares the sporophylls with 
those of recent Dacrydiums, though in Stachyotaxus there are 
normally two seeds on each sporophyll and not one as in the recent 
genus, a difference possibly of no great importance. In habit 
the fertile shoots of the fossil type are comparable with those of 
Podocarpus spieata. Miss Gibbs ^ in her account of recent Podo- 
carpineae expresses agreement with Nathorst’s view that Stachyo- 
taxus is probably a member of that family. Nathorst describes a 
second Swedish species but from a slightly lower horizon in the 
Khaetic series. This species, Stachyotaxus elegans, is characterised 
by longer and stouter megastrobili reaching at least a length of 
12 cm. and by longer linear leaves 10 cm. long. 

Hartz^ refers to Stachyotaxus septentrionalis some sterile shoots 
from Lower Jurassic, or Rhaetic, beds in East Greenland, and 
Halle^ draws attention to the superficial resemblance to the 
Swedish type of some vegetative twigs from Graham Land which 
he refers to the genus 

Strobilites. Strobilites Seward and Bancroft. 

The specimen on which this species is founded^ 'was obtained 
by Hugh Miller from Upper Jurassic beds on the North-East coast 
of Scotland and inaccurately figured in the Testimony ofihe Pocks^. 
Pig. 797 is from a careful drawing by Mr T. A. Brock of the original 
specimen in the Edinburgh Museum. A slender axis bears nume- * 
rous spirally disposed oval bodies (6 X 6 mm.) which are no doubt 
seeds: each show'-s a differentiation into an inner portion surrounded 

^ GibbsJ12) p. 539. : ^ 

- Harfcz (96) PI. xix. figs. 2, 3. 

3 Halle (132) p. 83. 

^ Seward and Bancroft (13) p, 882, PL i. fig. 13. 

Miller (57) B. p. 493. 
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by a fiat border and it may be that the latter is the impression 
of a sarcotesta. Another possible interpre- 
tation is that the oval bodies are seeds in 
intimate association with fertile bracts. 

The strobilus bears a close resemblance 
to Stachyotaxiis elegans Nath.^ from the 
Rhaetic of Sweden compared by the author 
of the species with an ovuliferoiis shoot 
of Podocarjms spicata and Dacrydium 
Fmnhlini and believed to be allied to the 
recent genus Dacrydium, a view upheld 
by Miss Gibbs^ in her account of recent 
Podocarps. It is not improbable that 
Strobilites Milleri is more closely allied to 
the Podocarpineae than to any other family 
of Conifers. 

Saxegothopsis Dusen. 

In his account of a Tertiary fiora, 
possibly Oligocene, from localities on the 
Magellan straits Dusen^ describes a single 
leaf as Saxegothopsis fuegianus on the 

ground that it resembles the leaves of Saxe- strobilius MUhri. 

gotJiaea conspicua. The lamina, rather less 
than 2 cm. long, is linear-lanceolate wdth a 
spinous apex and a short stalk; no veins 
are shown in the drawing. There is no substantial reason for 
regarding this solitary fossil as a fragment of a Conifer allied 
to Saxegothaea. Dusen admits the lack of satisfactory evidence 
indicating generic identity, but the specimen hardly merits the 
distinction of being made the type of a new genus. 



(After Seward; Edin- 
bui'gh Museum; nat. 
size.) 


Phyllocladineae. 

PHYLLOCLADITES. Heer. 

This generic name was given by Heer^ to a fossib subsequently 
transferred to a new genus Brepanolepis^ (fig. 798, C), which afiords 


' Nathorst (08^) PI. n. figs. 1—27. 

3 Duste (99) p. 105, PI. Kl. fig. 10. 

^ Heer (75) ii. p. 124, PI. xxxv. figs. 17— 21. 


= Gibbs (12) p. 539. 


« Nathorst (97) p. 43. 
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no real evidence of a relationship to the recent gmm PJiyllodadus , 
but Heer’s term may be retained for a species described by 
Ettingshaiisen as 
Phyllodaiites as flenioides 

This Tertiary species from New South Wales presents a close 
resemblance to Phyllodadus (fig. 675, p. 107) and is probably an 
Eocene representative of the genus. The specimens consist of fairly 
stout axes bearing cuneate and irregularly lobed leaf-like organs, 
in some cases apparently subtended by small scales — a circum- 
stance which justifies Ettingshausen’s suggestion that the lateral 
members are phylloclades. In one case a seed occurs at the base 
of a phylloclade. The phylloclades are practically identical with 
some forms of TMnnfeldia, particularly with American examples 
referred by Berry to his genus Protophyllodadus; the laminae of the 
Australian species agree both in form and venation with those of 
the Cretaceous American impressions, but in the latter there is 
no good reason for interpreting the leaf-like organs as flattened 
branches. 

Ettingshausen’s species is the only fossil that has come under 
my notice that has any substantia] claim to be considered a satis- 
factory record of the recent genus Phyllodadus. In the account 
of TMnnfeldia in Volume reference is made to the resemblance 
of some impressions included in that genus to the phylloclades of 
Phyllodadus, a resemblance which led Ettingshausen to assign 
the type- species of TMnnfeldia to the Goniferae. Berry ^ considers 
that Ettingshausen’s comparison with Phyllodadus, though, not 
applicable to Jurassic and other of the older species of TMnnfeldia, 
is valid in respect of certain Middle and Upper Cretaceous forms 
for which he instituted the genus Protophyllodadus. Attention has 
previously been called^ to the inadequacy of the evidence in support 
of the conclusion implied by the adoption of the name Proto- 
phyllodadics. The specimens for which this name was instituted 
consist of comparatively large coriaceous leaf-like impressions, linear 
or ovate-lanceolate with an entire, undulate, or crenulate margin, 
provided with a short petiole prolonged as a stout midrib from 
which numerous simple veins are given off at an acute angle. In 

^ Ettingshausen (86) p. 94, PL vnr, figs. 28 — 31. 

^ Page 543. ® Berry (03) B. 


^ Seward (04) B. p. 31. 
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venation and to a large extent in shape the fossils confomi to the 
characters of 

Pfotophyllodadus subintegrifolms (Lesqnerenx). 

This species was originally described by Lesquereux^ from 
Dakota beds in Nebraska as Phyllocladus subintegrifolms. Heer^ 
described similar or possibly identical specimens from the Atane 
beds of Greenland as TJiinnfeldia Lesquereuximia and included 
Lesquerenx’s name as a synonym: these Greenland specimens 
reach a length of 8 cm. and a breadth of 2 cm. Heer classes the 
species among plants of uncertain position and compares the 
impressions with the phylloclades of PhyUanfhus. The species is 
recorded by Hollick^ from Martha’s Vineyard and other localities, 
by Berry ^ from the Earitan flora, and as Thmnfeldia Lesque- 
reuxiana by Newberry and Hollick^ from the Amboy clays and 
other Cretaceous floras^: most of the examples are detached leaves 
(or ? phylloclades), linear, spathulate, or ovate with an entire or 
toothed margin while a few are branched (fig. 798, il, B). In no 
single case is there any evidence in favour of regarding the speci- 
mens as phylloclades rather than leaves. Until additional facts 
are obtained it would seem preferable either to retain the generic 
name TJiinnfeldia used by several authors or to adopt some title 
which does not suggest a relationship to any recent genus. Zeiller’^ 
has described a specimen from the Great Oolite of Marquise 
(N, France) as Protophyllocladus sp.: this is the first European 
record for Berry’s genus. 

A similar species is represented by Protophyllodadus polymorplms 
(Lesq.) first described by Lesquereux^ from Vancouver Island as 
Salishuria polymorpha and afterwards transferred by Knowlton^ 
to TJiinnfeldia. Another closely allied type is ProtopJiyllodadus 
Mate Berry^® from Upper Cretaceous rocks in South Carolina. 
Some of these supposed phylloclades closely resemble flattened 

^ Les(ruereux (74) p. 54, PL I. fig. 12. 

^.Heer (82) i. p. 37, PL XLiV. figs. 9, 10; PL xlvi. figs. 1—12. 

a 'llolliek (GO) p. 36, PL V. figs. 1— 6. yBerry (IP) p. 98, PL ix. 

^ Newberry and Hollick (95) p. 59, PL XI. 

® Lesquereux (91) PL II. figs. 1— 3. t (1-) P* 

® Lesq^nereux (78) B. p. 84, PL LX. figs. 40, 41. 

9 Knowlton (93) p. 47, PL v. figs. 1—4; Berry (03) B, p. 442. 

^0 Berry (03) B.; (14) p. 17, PL n. figs. 9— 13. 
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leaf -like brandies from Kreiscberville for wMch Hollick and Jeffrey 
instituted tke genus Androvettia^ (fig. 806, A — C) : some examples 
of that genus are dearly distinct as there are small leaves borne 



Fia. 798. A, B. Protophyllocladus suhinte^rifolius. C. Drepanolepis rotundifoUa. 
D. Phyllodadopsis heterophylla. (A, B, after Newberry and Hollick; C, after 
Nathorst; B, after Fontaine. Nat. size.) 

on the flat phylloclade, but other specimens are hardly distinguish- 
able from PTotophylheladus. Though it would be foolish to deny 
that the marked resemblance as regards form and venation between 
certain species of Pfo^oj3%SacZafos or Thinnfeldia and Phyllocladus 
may be significant, it is true that no satisfactory evidence has been 
produced in support of actual aiSfinity to the recent genus. 


^ See page 436. 
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Ettingshaiisen. 

This name was applied to a single species, Palaeodadus cumi- 
fomnSy from New South Wales^ founded on a specinien described 
as a linear cuneiform phylloclade with a median rib from which a 
few simple veins are given off at an acute angle, each passing up 
the middle of a lateral tooth; the teeth or serrations are regarded 
as lateral phylloclades concrescent with one another and with the 
main flattened axis. A few small scales occur at fhe base of the 
compound phylloclade. Ettingshausen’s ingenious interpretation, 
though possibly correct, rests on too slender a basis to justify the 
assumption of any afSnity to 

Phyllocladopsis Fontaine. 

This generic term was proposed for some branched foliage- 
shoots from the Potomac formation^ characterised by small broadly 
ovate leaves with spreading veins. The type-species PkyUoclad- 
apsis heterophylla (fig. 798, D), as Fontaine and Berry state, bears 
a close resemblance to some forms of Nageiopsis and there can be 
little doubt as to the foliar nature of the appendages, which afford 
no evidence of morphological affinity to the phylloclades, of a 
Phyllocladus. The species must be left for the present as a plant 
of uncertain position: it would seem more appropriate to adopt 
the generic name Nageiopsis than to make use of a designation 
suggesting a relationship which has not been established. 

T4xmEAE. ' 

TAXITES. Brongniart. 

This generic name, first proposed by Brongniart® for some 
Tertiary and one Jurassic species, has been widely used for vege- 
tative shoots bearing spirally disposed and distichously placed 
linear leaves {e,g, fig. 802) resembling in habit those of Taxus, 
Sequoia sempervirens , CepJialotaxus and some other recent Conifers. 
In the absence of anatomical characters or reproductive organs it 
is impossible to determine the precise position of shoots of this 
common form and the designation Taxites, as generally employed, 

^ Ettingshausen (86) p. 93, PL vnr. figs. 33, 33 a. 

^ Fontaine (89) B. p. 204, PL Lxxxiv. fig. 5, PL CLXVii. fig. 4; Berry (03) B. 

® Brongniart (28) A. p. 108. 


s. IV 
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cannot therefore be interpreted as indicative of affinity to Taxus, 
Taxites has also been applied to fossil wood believed to belong to 
Conifers allied to Taxus or other members of the Taxeae, but this 
name has been superseded by Taxoxylon. Taxites is misleading 
in its iniplication of relationship as the specimens so named afiord 
no proof of their systematic position within the Coniferales. Halle^ 
has proposed to employ the generic name Elatocladus for sterile 
shoots of the Taxites type, the latter name being restricted to 
fossils which there are good grounds for assigning to the Taxeae. 
Among other genera to which authors have referred vegetative 
shoots superficially similar to Taxus is Palissya^, a genus founded 
in part on a definite type of reproductive shoot very different from 
that of Taxus, The investigation of the epidermal structure of 
some specimens of Jurassic age placed by Feistmantel in Palissya 
has led Miss Holden to institute a new genus Retinosporites^ based 
on characters recognisable only in the case of fossils which retain 
their cuticxilar features. Another example of foliage-shoots of the 
Taxites habit, which are shown by their fertile shoots to have no 
connexion with the Taxeae, is Stachyotaxus^. Taxites should be 
retained for fertile branches or reproductive organs which there is 
some good reason for believing to be more closely related to Taxus 
than to any other genus. So far as I am aware, none of the 
specimens described as species of Taxites supply sufficient justifica- 
tion for being so designated. Fragments of sterile shoots from 
the Miocene beds of Western Greenland described by Heer^ as 
Taxites Olriki and now in the Dublin Museum afford no proof of 
close affinity to Tax^^s: the leaves are rather larger than those of 
Sequoiites Langsdorfii and not decurrent. 

The generic names Cephalotaxites nnd Cephalotaxopsis applied 
by Heer^ and Fontaine’ respectively to foliage-shoots resembling 
those of recent species of Cephahtaxus suggest an affinity that is 
not supported by data based on reproductive shoots. While such 
a designation as Cephalotaxopsis may be used without a definite 
implication of relationship to the recent genus, Cephalotaxites, 
like Torreyites and Taxites, is more appropriately restricted to 

1 Halle (132) p, 33 , 2 page 426 . s gee page 432. ^ See page 410, 

^ Heer (68) j). 95, PI. 1 . figs. 21 — 24; PI. XLV. fig. 1. 

^ Ibid. (83), p. 10. Eontaine (89) B. p. 235. 
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specimens wMch there is good reason for connecting with Torreya 
and Taxus respectively. 

Among the numerous specimens of wood from Mesozoic and 
Tertiary beds referred by authors to Taxoxyhn^ there are very few 
which show true spiral bands on the secondary-xylem elements : 
there are no undoubted examples of the Taxineous type of stem 
from pre-Tertiary strata. 

The foliage-shoots described as species of Taxites are as a rule 
valueless as records of Taxus, Cephahtaxus, or Torreya, Some 
small seeds very like those of Taxus baceata are described by 
Ludwig from the Oligocene lignites of West Germany sls Taxus 
margaritifera^ and similar examples were described by Heer® as 
CarpoUthes nitens from the lignites of Bovey Tracey : the Bovey 
seeds have recently been named by Mr and Mrs Eeid Taxus (?) 
nitens^. The latter authors refer some globose mucronate seeds 
from the pregiacial deposits of Norfolk to Taxus baccata^, md 
Clement Reid® records the same species from preglacial beds in 
Suffolk, from interglacial beds in Suffolk and from the peat below 
sea-level in the Thames valley. The genus Taxus ranges through 
parts of Europe, Asia, North America, Algeria, and occurs sporadi- 
cally on the mountains of Sumatra, Celebes and the Philippines; 
it is noteworthy that there is little difference between the several 
species which are probably mere geographical forms’^. The Yew 
is still wild in parts of Sussex, Hampshire, and Wiltshire, in a few 
localities in Scotland, but still rarer in Ireland. It is clear from 
the Pleistocene records that Taxus was formerly much more widely 
spread. Dr Conwentz® has shown that many places in Germany 
and the British Isles derive their names from the Yew, and the 
same author found that several prehistoric wooden articles in the 
Dublin Museum are made from Yew wood. 

TORREYITES. . 

The evidence on which several fossil Coniferous branches from 
Cretaceous and Tertiary rocks have been referred to is in 

' Seo page 202. ^ Ludwig (61) p. 73, PI. lx. fig. 19. 

3 Heer (62) p. 1078, PI. LXX. figs. 15—23. 

J C. and E. M. Reid (10) p. 172. 

» p. 171, PL XVI. figs. 42, 43; (08) PI. XV. fig. 145. 

'' Reid (99) B. p. 151. ’ Elwes and Henxy (08) p. 99. ® Comventz (01). 

27—2 
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most cases Tinconvmcmg and with one exception no facts as to 
epidermal characters are available. Leaves of recent species of 
Toffeya {iig. 694, B, p. 141) are characterised by two well marked 
stomatal grooves on the lower surface, and another feature is the 
absence of a prominent midrib : the leaves of Cephalotaxus, similar 
in form and size to those of Torreya, differ in the flat ungrooved 
lower surface and the prominence of the midrib on the upper surface 
of the lamina. We have no information with regard to any fossil 
seeds of the Torreya type, a type to which reference is made in 
the account of fossil Palaeozoic seeds. The present distribution of 
Torreya suggests that it was formerly more widely spread, but 
the data at present available do not admit of any very satisfactory 
statement of its past history. 

Torreyites carolianus (Berry). 

Berry described this species as Tumion carolianum^, using the 
unfamiliar generic name which has been substituted by purists in 
nomenclature for Torreya, The material from Middle Cretaceous 
rocks in North Carolina consists of twigs with spirally disposed 
flat linear-lanceolate leaves 2*5 — 3 cm. long and with a maximum 
breadth of 3 mm., gradually tapering towards the slender apex 
and slightly contracted at the decurrent base. There is no distinct 
midrib, but in the proximal part of the lamina a more opaque 
band indicates the position of the vascular tissue: on either side 
of the middle line is a band in which the stomata are scattered; 
the long axis of the guard-cells tends to be at right-angles to the 
length of the leaf as in recent species and the fossil stomata gener- 
ally resemble those of existing types. Some less satisfactory 
specimens from Upper Cretaceous beds in Georgia are doubtfully 
referred by Berry^ to this species. In view of the characters of 
the vegetative fragments from Carolina it seems reasonable to 
adopt the generic name Torreptes, Berry has published a map 
showing the distribution of Cretaceous representatives of Torreya, 
but it is questionable whether the nature of the records constitutes 
a solid foundation. 

Heer^ has described two species, Torreya Diclcsoniana and 

1 Berry (OS^). 2 ( 14 ) pp^ 123. 

3 Heer (75) ii. p. 70, H. xvm. figs. 1—4; p. 71, PI. xvii. figs. 1,2; (82) i. PL ii. 
fig. 11. 
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T, parvifoUa, from tlie Lower Cretaceous beds of Greenland: the 
leaves of the former exhibit a close agreement with those of the 
recent species though the evidence in support of generic identity 
is far from decisive. The second species differs in the smaller 
leaves: an examination of one of the figured specimens in the 
Stockholm Museum led me to the conclusion that it may be identical 
with an Upper Jurassic form from Scotland described as Taxites 
Jeffreyi^: there are no adequate grounds for the use of the name 
Torreya. Fontaine’s Potomac species Torreya virginica^ is founded 
on a piece of shoot bearing long linear leaves with no obvious 
midrib but with two strong lines between the middle and the edges 
of the lamina which suggest stomatal grooves. This specimen is 
of less value than the type-specimen of Torreyites caroUmamis 
because of the lack of information with regard to the stomata. 
A second species of very little botanical value is described from 
the same formation as Torreya falcata^. Yokoyama’s Upper 
Jurassic or Wealden species Torreya venusta^ from Japan has no 
claim to be included among records of Torreya. 

The Miocene species from Greenland, Torreya described 

by Heer® is founded on sterile twigs with broad linear leaves which 
afford no definite indication of relationship to the recent genus. 
Some fragments from Pliocene beds near Lyon described by Saporta 
and Marion^ as Torreya nucifera var. hrevifolia show two stomatal 
grooves and may be correctly identified. These authors regard 
the specimens described by Ettingshausen from Bilin in Bohemia 
as Sequoia Langsdorfii as fragments of Sb Torreya and re-name the 
species T. bilinica. 

Some detached leaves and seeds from Upper Pliocene beds in 
the Main Valley (Frankfurt) are referred by Engelhardt and 
Kinkelin^ to Torreya the seeds bear a close 

resemblance to those of the existing species. While there is fairly 
good evidence from Tertiary localities of the comparatively recent 
occurrence of Torreya in Europe the records cannot be regarded 
as conclusive. 

1 Seward (ll^) p. 688. ^ Fontaine (89) B. p. 234, PL cix. %. 8. 

3 Ibid. p. 235, PL cxiii. fig. 4. * Yokoyama (89) p. 230, PL xxii. figs. 11, 12. 

5 Heer (83) p. 56, PL Lxx, fig. la. 

^ Saporta and Marion (76) p. 87, PL xxn. figs. 6, 7. 

’ Engelhardt and Kinkelfii (08) p. 191, PI. xxm. figs. 6 — 8. 
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VESQUIA. Bertrand/ 

Vesquia townaisii Bti^^ The name Vesquia, after the 
French hotanist Julien Yesque, was given by Bertrand^ to seeds 
from Lower Cretaceous strata at Tournai which he described as 
intermediate in certain respects between Taxus and Torreya; they 
are two or three times as large as the seeds of Taxus a,nd about 
one-third the size of those of Torreya, The ligneous shell is ribbed 
and on each side at the base is a large orifice marking the position 
of a vascular bundle which is dontinued through the length of the 
marginal ribs. The seeds are elliptical in transverse section and 
prolonged apically into a micropylar beak agreeing structurally 
with the micropyle of Taxus and Torreya. Bertrand also found 
anatomical features in the shell similar to those of the recent 
genera. In the absence of illustrations it is difficult to follow 
the description in detail, but the facts appear to favour Bertrand’s 
conclusions with regard to the affinities of the fossil species. 

CEPHALOTAXOPSIS. Fonfcaine. 

Fontaine^ gave this name to specimens of vegetative shoots, 
abundant in the Patuxent formation in the Potomac group, closely 
resembling in habit recent species of Cephalotaxus : the characters 
of the genus have been revised by Berry^ who adds some particulars 
as to the structure of the epidermis. Fontaine’s four species are 
reduced by Berry to two. No seeds have been found attached 
to the branches, but the American authors consider that some 
associated seeds may belong to the genus. 

Cephalotaxojpsis magnifoUa Fontaine. 

With this species Berry ^ includes (7. mmosa Font. The branches 
are fairly robust and in some cases bear lateral shoots in whorls or 
pseudo-whorls; the leaves are distichous, linear-lanceolate, rather 
abruptly rounded at the base and tapering gradually to a mucronate 
apex, with an average length of 4—5 cm. and a breadth of 3 — 4 mm. 
Groups of bud-scale scars occasionally occur at the base of an 
ultimate shoot. The thick lamina may be transversely wrinkled 
as in Pityophyllum. There is a distinct midrib and a short distance 

1 Bertrand (83), ^ Fontaine (89) B. p. 235. 3 Berry (11) p. 374. 

^ Ibid, p- 377, PL LX. fig. 1; Pontaine loc. cit. Pis. civ. — cvni. 


CEPHALOTAXOPSIS 


423 


XLIX] 

on either side of it is a stomatal groove in which stomata are 
irregularly scattered; the orientation of the guard-cells though 
not constant tends to be parallel to the long axis of the leaf. The 
epidermal cells are thick-walled and quadrangular or hexagonal 
and arranged in regular rows. Berry states that the stomatal 
grooves are a prominent feature and that there is some evidence 
of the occurrence of woolly hairs, characters suggestive of Torreya 
rather than Cephalotaxus. Branches from the Potomac beds 
with shorter leaves are referred to Ceplialotaxopsis brevifolm in 
w^hich is included 0. microphylla Font. Berry points out that the 
photograph of C. brevifolia which he gives serves to ‘emphasize 
the idealisation and inaccuracy of the former figures of this plant.’ 

Such evidence as is available favours the comparison of these 
species with recent Taxineae, but the structure of the leaves of 
C. magnifoUa, so far as it is indicated in the epidermal preparations 
described by Berry,- would seem to be in favour of a closer affinity 
to Torreya than to Cephalotaxus. The presence of depressed 
stomatal regions is a characteristic feature of Torreya and not of 
Cephalotaxus. 

Heer^ described a specimen from the Lower Cretaceous beds 
of Greenland as Cephalotaxites insignis consisting of a small piece 
of foliage-shoot with, apparently attached to it, an oval seed 
(18 X 13 mm.) in the form of a mould. Without examining the 
type-specimen it would be rash to accept the determination as 
correct. Berry ^ has described some seeds from Mid-Cretaceous 
rocks in Carolina as Cephalotaxospermum caroKman'WW, approxi- 
mately 10 by 8 mm. in size, ovoid acuminate, and resembling the 
seeds of Cephalotaxus, hut no anatomical features are preserved. 
Saporta’s species Cephalotaxus europaea^ iounded on sterile shoots 
from the Aquitanian of Manosque in the South of France affords 
no convincing evidence of generic identity yvith. Cephalotaxus. 

Seeds from. Upper Pliocehe beds in the Main valley are referred 
by Engelhardt and Kinkelin^ to three species of Cephalotaxus, the 
type-species being C.francofuriana. They bear a close resemblance 
to the recent seeds but this is hardly sufficient to prove their generic 
identity. 

1 Heer (83) p. 10, PI. xin. fig. 12. - Berry (lOq. 

3 Saporta (93) p. 42, PL V. fig. 4. 

^ Engelhardt and Kinkelin (08) p. 194, PL xxiii. fig. 11. 
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TRIOOLEPIS. Zeiller. 

Trioolepis Leclerei Zeiller. This generic name was proposed by 
Zeiller for a cone from the Rhaetic flora of Tonkin^ which he at 
first placed in the comprehensive genus Comtes. In general 
appearance the specimen resembles a cone of a Picea; it is elongate- 
oval and incomplete, more than 10 cm. long and about 3 cm. in 
diameter. The impression shows numerous spirally disposed, 
imbricate, scales apparently thin, oval-linear in form, 12 — 15 mm. 
long and 6 — 7 mm. broad, suddenly contracted to air obtuse apex; 
the surface is marked by more or less distinct longitudinal folds 
and close to the base are slight depressions indicating the former 
presence of seeds 5 mm. long and 1*5 mm. broad. On some of 
the scales there is a faint curved trilobed line in the upper third 
of the ventral face which, it is suggested, may possibly mark the 
limit of an ovuliferous scale fused to a subtending bract-scale, but 
there is no substantial ground for any conclusion as to the morpho- 
logical nature of the cone-scales. Zeiller states that there is no 
decisive evidence with regard to the systematic position of this 
fossil: the presence of three seeds recalls Cunninghamia though 
this in itself is probably of comparatively small importance. 

MASCULOSTROBUS. Seward. 

This designation was proposed f 9 r fossils which are in all 
probability male strobili of - Gymnosperms^ 

if Seward. 

This, the type-species, was discovered by the late Dr Gunn in 
Ivimeridgian strata on the North-East of Scotland : it consists of a 
slender axis 13 cm. long bearing numerous small branches with 
^ Zeiller (03) B. p. 208, PL n. fig, 15; PL E, fig. 2, ^ Seward (IP) p. 686. 
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Tio, 199. liasculostrohus. A, Jf. Zeilleri, m<,%. size; a, h, portions enlarged; 
c, miorospores from A.; d, Masculostrohus si^.; imm d, 

Museum.) 
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Spirally disposed sporophylls. A few oval spores (fig. 799, c), 
20-— SOu in diameter, were obtained from some of the sporophylls. 
The specimen is probably an inflorescence of male flowers of a 
Conifer; it bears some resemblance to Zeiller’s 
Vidalh^ from the Kimeridgian of Spain, but in that type the leaves 
are in whorls and the shoot appears to be sterile. 

The smaller example shown in fig. 799, d, e, may be part of a 
microstrobilus of Elatides curvifolia, but in the absence of any 
connexion with that species it should be retained in Masculostrohus. 

Moller and Halle^ in their account of a flora from South-East 
Scania, probably of Wealden age, describe some fragments of 
microstrobili which they assign to Masculostrohus. The Cretaceous 
specimens from Kreischerville described by Hollick and Jefirey as 
Strobilites inicrosporophonis^ may be transferred to Masculostrohus. 
This species, represented by portions of small strobili a few milli- 
metres long, is characterised by sporophylls in which the leaf- 
traces are enclosed by transfusion-tracheids, a feature suggesting 
comparison with modern Araucarineae, and the spores have two 
bladder-like wings. It may well be, as the authors of this type 
suggest, that the extension of the exine of the microspores, now 
restricted to the Abietineae and Podocarpineae, may be an ancient 
character and formerly more widely spread among the Coniferales. 

PALISSYA. Endlicher. 

Endlicher^ instituted this genus for a type of Conifer previously 
described by Braun® from the Rhaetic flora of Franconia as 
Cunninghamites sphenolepis, characterised by distichous, linear, 
leaves and a megastrobilus composed of loosely imbricate scales. 
The name Palissya was selected to commemorate Bernard Palissy. 
The type-species, P. Braunii, first figured by Goeppert® and 
described in more detail by Schenk'^ who, as Nathorst points out, 
■ included two distinct types of reproductive shoot under the name 
Palissya: one of them is retained in that genus while the other 
agrees with cones referred to Elatides^. Endlicher’s designation 

^ Zeiller and Vidal (02) p. 7, PL n. 

2 Moller and Halle (13) p. 36, PL VI figs, 9—18 

® Hollick and Jefirey (09) B. p. 66. 

EndKcker (47) p. 306. ® Braun (43). Goeppert (50) PL XLViii. 

’ ScLenk (67) A. p. 176, PL xnc. figs. 2«-.14, « Ibid. fig. 7. 
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has been employed by several authors for Mesozoic shoots with 
linear leaves unaccompanied by reproductive organs and having 
therefore no claim to be assigned to a genus characterised by a 
well defined type of strobilus. Further reference to the mis- 
application of Palissya is made in the account of some Indian 
specimens recently assigned to Retinos pontes. In the absence of 
any evidence of the occurrence of strobili, shoots similar in habit 
to Palissya should be described under Halle’s generic name 
Elatocladus. An impression of a shoot from Triassic beds in 
Bucks County, Pennsylvania, recently described by Wherry^ as 
Palissya longifoUa, would be more appropriately referred io Elato- 
cladus as it affords no indication of the nature of the fertile branches. 

Palissya sj^henolepis (Braun). 

Nathorst^ in his recent and able account of this species reverts 
to the older specific name on the ground that Endlicher’s name 
P, Braunii is not in accordance with the laws of priority. It is 
possible though not certain that some specimens described under 
different names by Presl prior to the publication of Braun’s account 
of Gunninghamites sphenolepis may belong to this species. Schenk 
considerably extended Braun’s description and was the first to 
publish figures of ripe cones showing certain morphological features 
of theseed-bearing scales which authors have differently interpreted. 
Palissya sphenolepis is a Rhaetic species recorded from Franconia 
and Scania, possibly more closely alhed to the genus Cunninghamia 
than to any other existing Conifer; but, as Nathorst suggests, it 
may belong to an extinct section of Gymnosperms. The foliage- 
shoots bear spirally disposed, two-ranked, leaves of the Taxites 
form; the lamina is narrow and linear with a median vein, decurrent 
on the axis as a persistent leaf-cushion. The epidermal cells have 
straight walls and the stomata, confined to the lower surface, occur 
in two rows. Palissya cannot be identified with any degree of 
certainty in the absence of well-preserved strobili. The mega- 
strobili are cylindrical and relatively narrow ; in an immature con- 
dition they closely resemble those of Elatides^ the surface being 
formed of the lanceolate, imbricate, distal ends of crowded cone- 
scales It is the older strobili with elongated intei nodes that 


^ Wherry ( 16 ). 


^ ISIatliorst 
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constitute the most striking feature of the genus : the cone-scales 
(sporophjlls) are entire, elongate-lanceolate 
acuminate apex, and each bears 5 — 6 pairs 
of seeds characterised by a cup-like basal 
investment or cupule (fig. 800,0). The 
sporophylls have a strongly developed keel 
on the lower surface and a less distinct 
median rib between the two rows of seeds 
on the upper face (fig. 800, A, B). There 
is no evidence to support the view that the 
cone-scales are double^. Schenk^ described 
the cone-scales as bearing 10 — 12 seeds on 
the edge and Saporta^ believed the seeds 
to be lobes of a seminiferous scale, each 
lobe supporting one seed. Nathorst’s in- 
vestigation of Scanian material has thrown 
a welcome light on the nature of the mega- 
strobili as interpreted by previous authors. 

The bodies described by Schenk as seeds 
are projecting spherical casts of cup-like 
organs which originally embraced the lower 
portions of the seeds. The morphological 
nature of the cupule cannot be determined, 
but as Nathorst suggests it may correspond 
to the epimatium^ which partially encloses 
the seeds of Dacrydium and other recent 
Conifers. Nathorst compares the cone-scales of Palissya with those 
of the genus Cufininyhamia (fig. 684, K, p. 116) in which each sporo- 
phyll bears three seeds on the adaxial side of a membranous out- 
growth stretched across the scale. The resemblance would seem 
to be closer than Nathorst suspects as the membrane in Gunning- 
liamia does not arise as a continuous strip of tissue but as three 
separate ligule-Iike pieces, one on the abaxial side of each seed. 



B 


Fig. 800. Palissya spheno^ 
lepis. A, B, sporophyll 
in surface-view and in 
section. C, cupuies of two 
seeds. (After N athorst. ) 


^ Solms-Laubacli (91) A. p. 73. 

® Schenk in Schimper and Schenk (90) A. p. 336. 
® Saporta (84) p. 513. ' 

^ See page 118. 
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ELATOCLADUS. Halle.' 

TMs genus was founded with a view to reduce the 'present 
state of intolerable confusion in the classification of the Conifers^.’ 
Halle expresses the opinion, with which most botanists cannot but 
agree, that sterile shoots of Conifers should not be described under 
generic names which imply the possession of a certain type of 
cone. The occurrence of foliage-shoots of similar or even identical 
habit in certain recent genera possessing distinct types of repro- 
ductive shoots serves to emphasise the unscientific character of 
the too common practice of assigning fossils to genera distinguished 
by a particular form of cone even though the specimens in question 
aSord no evidence of the nature of the fertile branches. The 
generic name Taxites has been widely employed for dorsiventral 
branch-fragments bearing linear leaves with a pseudo- distichous 
arrangement as in the recent Taxus, but notwithstanding the 
employment of Taxites by authors who do not intend to convey 
the impression of relationship to Taxus^ it is preferable to reserve 
Taxites for specimens which there are reasonable grounds for 
believing to be related to the Taxeae. Halle insists that it is 
undesirable to use one name for dorsiventral shoots and another 
for shoots with spirally disposed leaves, as fossil forms are known, 
e.g. -^tachyotaxus Hathorst, in which both types occur on 

the same plant. Similar cases of dimorphism are well illustrated 
by Dacrydium and other recent Conifers (c/. fig. 708, p. 160). 
Entocladus is proposed for sterile coniferous branches of the radial 
or dorsiventral type, ' which do not show any characters that 
permit them to be included in one of the genera instituted for 
more peculiar forms.’ 

The name serves a useful purpose for sterile shoots which it 
has been the custom to include in Taxites and for types such as 
Elatodadus heterophylla Halle, which bear both distichous, linear 
leaves and crowded scale-like leaves similar to those oi Brachy- 
phylkmi md some forms referred to Pagiophyllum, It is, however, 
desirable to xetB,m Brachyphyllmn said Pagiophylkim ioi sterile 
shoots exhibiting no well marked dimorphism and bearing fleshy 
appressed leaves and four-sided falcate leaves respectively. Used 

^ Halle (13^) p. 82. eXctr??, Bine or Eir; /cXctSos, shoot. 
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ill this narrower sense Elatocladus is more likely to serve the object 
which the author had in view. It is noteworthy that in some 
specimens of Ehtocladm (Taxites spp.) the leaves have a transversely 
wrinkled laminaj a feature usually associated with the detached 
linear leaves assigned to the genus Pity opJiy Hum. 

Elatodadus heterophyUa Halle. 

The shoots of this species from the Jurassic flora of Graham 
Land^ are freely branched and the ultimate branches show a 



Fig. 801. Elatodadiis Jieiero^hylla. (After Halle; nat. size.) 


tendency towards a distichous arrangement. The radially sym- 
metrical branches bear short and thick, acute, more or less appressed 
leaves or the lamina may be slightly falcate, while the dorsiventral 
shoots have narrow linear acute leaves in two ranks (fig. 801). 
A faintly marked midrib is present in both forms of leaf. Halle 
states that the shorter leaves differ from those of Brachjphyllum 
in being rather longer and less closely appressed to the axis, though 
this is a diffeienee of secondary importance. The main interest 
of the species is its dimorphism. 

In Elatocladus is also included the Indian species, recorded by 
^ Halle (13^) p. 84, H, vin. text-%. 18. 
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Halle ^ from Graham Land, originally described by Oldham and 
Morris as Cunninghamites confertus and subsequently removed by 
Feistmantel to Palissya: the leaves are distichous with a sessile and 
deciirrent laimna attached at a vide angle. The apex of the leaves 
is obtuse and a midrib is present. In Elatocladus conferta Msdle in- 
cludes the Australian form Palissya australis as figured by Stirling^. 

Elatocladus zamioides (Leckenby ex Bean ms.). 

This type, from the Middle Jurassic of Yorkshire, was described 
by Leckenby^ as Cycadites zamioides and subsequently transferred 



Big. 802. Elatocladus plana. (Specimens figured by Feistmantel 
SiS Taxites planus; nat. size.) 

to Taxites^, The type-specimen, in the Sedgwick Museum, 
bridge, consists of a slender axis bearing two-ranked s 

^ Halle(]32)p. 86, PL vni. ^ Stirling (00) Pi. m. figs. 

Leckenby (64) A. p. 77, PL vin. fig. 1. 

Seward (00) B. p. 300, PL x. fig, 5. 
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attached linear leaves slightly more than 2 cm. long and 1*8 mm. 
broad, basally contracted, with an acute apex. It closely resembles 
shoots of recent Taxeae and Sequoia semfermens, also some Potomac 
species included by Fontaine^ in Oephalofaxopsis though there is 
no evidence of relationship to the recent CepJialotaxus. Shoots of 
similar habit are figured by FeistmanteP from Indian Jurassic beds 
as Taxites plamis but the lamina is not contracted at the base. 
Two of FeistmanteFs figured specimens are reproduced in fig. 802. 
These afford good examples of fossil branches which it has been 
the custom to refer to Taxites, but without information with regard 
to the epidermal characters it is impossible to determine their 
affinities. The form of the leaf-bases agrees wdth that shown in 
fig, 803 and it is probable that Taxites planus be another 
example of Miss Holden’s genus Retinosporites, though in the 
absence of anatomical data Elatocladus is the more appropriate 
designation. 

KETINOSPORITES. Holden, v 

Feistmantel used the name Palissya for some Indian Jurassic 
vegetative coniferous shoots which afford no evidence of affinity 
to that genus as represented by P. Braunii. Some of his fossils 
may be identical with the British species Taxites zamioides, now 
assigned to Elatocladus, while the examples described by Feist- 
mantel as Palissya sp. and Palissya indica have been transferred 
to a new^ genus Retinosporites* The Indian impressions afford no 
evidence of a midrib; the upper epidermis consists of cells with 
straight walls and there are no stomata, while on the lower face 
of the lamina stomata are irregularly scattered, the long axis of 
the guard-cells being more or less parallel to the margin of the 
leaf. The absence of a midrib, at least so far as regards impressions 
and cuticular preparations, led Miss Holden^ to separate the Indian 
specimens from Palissya mi Taxites as vegetative shoots included 
by authors in genera having leaves wdth a distinct median vein 
and in which the stomata are in rows on the lower surface. The 
generic name spelt by Miss Holden Eetinosporitis, 

is proposed on the ground that the only flat-leaved Conifers among 

^ Fontaine (80) B. Pis. cvi.-— cvin. 2 Feistmantel (79) Pis. xiii. — xv. 

3 Holden, R. (lo^). 
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those examined showing similar epidermal characters were certain 
seedlings of the Refmospora type. Miss Holden recognises that 
EeMnosporites suggests relationship to such recent Cupressineous 
species as are included under the genus Eetmospora, but she states 
that no such implication is intended. The new designation^ though 
not yeiy happily chosen, may be retained for shoots with linear 
leaves (fig. 803) without a midrib and having the stomatal features 
described in Miss Holden’s account of R. indica. 


Eetinosporites indica (Oldham and Morris). 

An Indian species originally described by Oldham and Morris 
as Taxites indicus and transferred 
by Feistmantel to PaMssya, The 
leaves are linear and decurrent 
(fig. 803, A) and without a midrib. 

The epidermal ceils have straight 
walls and the stomata, though oc- 
casionally present on the upper 
surface, are scattered on the lower 
epidermis as in the Retinospom 
foliage of Thuya or Juniperus, 

without any indication of a median -c, ^ oao^ » v ■ 7 * ^ a • 

Fic4. 803. Eetinosporites indica. A, piece 

astomatic region such as one would of shoot; B, stoma. (After R. Holden.) 
expect in leaves possessing a mid- 
rib. There are generally six accessory cells and the guard- cells are 
sunk below the level of the epidermis (fig. 803, B). 

Sterile foliage-shoots fopnerly referred to the genus 
Cunninghamites. 

PresB gave the name Cunninghamites to some sterile shoots 
from Rhaetic and Lower Cretaceous strata on the ground of their 
resemblance to branches of Cunninghamia and both his specimens 
and the large number, particularly from Cretaceous beds, referred 
by authors to PresFs genus afford no real evidence of affinity to 
the recent Conifer. The type-species Cunninghamites oxycedrus, 
from Lower Cretaceous rocks in Saxony, is probably identical with 
Corda’s species Cunninghamia elegans (fig. 804) from Lower Creta- 
ceous beds in Bohemia. Presl also includeA in Cunninghamites 
^ Sternberg (38) A. PI. xLvni. fig. 3; Goeppert (50) PL XLVii. 
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brandies from the Keuper of Germany which he named C. diibius: 
this species is identified by Saporta^ with Palissya BmMnii, but 
the latter name is now restricted to shoots bearing a particular 
form of strobilus. Nathorst^, on the other hand, suggests that 
0, diMus may belong to ElaUdes, and the same author instituted 
a new generic name Camptophylhim^ for fragmentary foliage-shoots 



Fig. 804:» A, Blatocladus degam? 'B^latoeladus Schimmn. (A, after 
Velenovsky; E, after 3S[athorst. Nat. size,) 

from the Khaetic of Scania which he named 0. ScMmpen {¥ig, 
804, B) : these bear a close resemblance to C. elegans; the linear- 
lanceolate leaves are 15 — 20 mm. long and the lamina is recurved, 
probably as the result of drying. It is impossible to determine 
the position of this type and it may conveniently be transferred 
to Elatocladus. Some of Nathorst’s specimens are also figured by 
Schenk^. The name is given by Oldham and 

ySaporta (84) p. 511.^^: ^ ^ N^thorst (08^) p. 10. 

A /6i!¥. (78) B. PI. XVI. 

^ Schenk m Schxmper and Schenk (90) A. p. 351, fig. 23G. 
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Morris^ to Jurassic Indian shoots which FeistmanteP afterwards 
transferred to Palissya: these have recently been included by 
Halle® in Elatodadus as E. conferta and recorded by him from the 
3:ich Antarctic flora of Graham Land. 

Ill no case have we any definite information with regard to the 
cones borne by the Cunninghamites type of shoot. Velenovsky'^ 
figures some Lower Cretaceous cone-scales from Bohemia, which he 
refers to CunningJiamia, resembling in shape the scales named by 
Hollicb and Jeffrey Protodammara^ but the resemblance may be 
only superficial. 

The vegetative branches assigned by authors to OunningJiamites 
have linear-lanceolate leaves usually showing a distinct midrib and 
often other parallel lines on the lamina which are probably due 
to hypodermal fibres. The leaves may reach a length of 6 cm. 
and are 1 — 4 mm. broad ; the edge is entire and finely serrate as in 
Cimninghamia sinensis, A characteristic feature is the occurrence 
of persistent decurrent leaf-bases on the branches which in some 
specimens that have lost the free portion of the lamina present a 
close similarity to Bmchy^hyllum, Some of the examples of 
Cunninghamites may well be shoots of a plant allied to Araucaria 
Bidwillii or A, brasiliensis. There is no doubt that under Cunning- 
hamites are included branches of many different Conifers. 

Elatodadus elegans (Corda). ’ 

Originally described by Corda ^ from Lower Cretaceous rocks 
in Bohemia as Cunninghamia elegans, this species is recorded from 
many Cretaceous localities; from the Patoot beds in Greenland®, 
Moravia"^, Westphalia®, Upper Cretaceous beds in Bulgaria®, the 
Amboy clays^®, Cliffwood, Martha’s Vineyard^^, Georgia, Carolina^^, 
and other places in North America^®. The specimen shown in 
fig. 805 from Moravia shows a midrib in a few leaves, while in the 

^ Oldiiam and Morris (63) H. xxxn. fig. 10. 

- Feistmantel (76®) p. 56. 

3 Halle (13®) p. 86, PI. viii. fyelenovsk;^-(87). 

^ Corda in Keuss (46) B. Pi. XLix. 

Heer (83) PL Lin. fig. 1. Ibid, (69) PL i. 

Hosius and von der Marck (80) B. PL xxxvii. 

Zeiller (05®) PL vm fig. 14. Newberry and Hollick (95) PL v, 

Hollick (06) PL ni. fig. 1. Berry (W) PL xx.; (14) p. 106. 

See Hollick (06) for other references. 
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Bohemia specimen represented in fig. 804 the midrib is more 
obvious and the leaf -bases have a more regular form. The branch- 
ing is sparse and not pinnate. Velenovsky^ assigns some branches 
to stenophyUa but these may be younger forms of C. elegans. 
Similarly C. squamiosus^, as figured by Heer and other authors^ 
affords no satisfactory evidence of specific difference from C. elegans. 
Impressions from the Atane beds of Greenland described by Heer^ 
as 0. borealis have been compared by Schenk with Sequoia and also 
referred by him to Torreya: there is no possibility of deciding the 
precise systematic position of these and similar specimens. Ettings- 
hausen^ has described as Cimninghamites miocenica fragments of 
shoots from Sagor in Carinthia bearing linear leaves with a finely 
serrate edge. 

ANBROVETTIA. Hollick and Jeffrey. 

This genus was instituted^ for Cretaceous fossils from Staten 
Island superficially resembhng Fern leaves with a pinnate venation 
and an irregularly lobed or incised margin . The leaf-like fragments 
are, however, stem-structures bearing minute scale-like leaves 
attached to the edges and surface. In habit these phylloclades 
agree with Phyllocladiis, but on anatomical grounds the authors 
of the genus regard it as Araucarian though the evidence is far 
from convincing. 

Andfovettia statenensis Hollick and Jeffrey, 

Some of the specimens show no indication of their phylloclade- 
nature and, as impressions, would be identified as Fern pinnules 
or referred to Thimifeldia, Others, after bleaching in chlorine- 
v?ater, showed a fairly stout vascular axis giving off simple or 
forked branches at an acute angle; small decurrent leaves free 
only at the apex occur on the margins of the shoots (fig. 806, A, B). 
In a few cases the phylloclades bear short axillary branches with 
immature cones, possibly microstrobili. 

There are three vascular cylinders in the section reproduced in 
fig. 806, C, and in the narrow wings of the 'lamina’ there are the 
Velenovsky (85) B. p. 15. 

2 Heer (71^) PI. I. figs. 5— 7r ScMmper and Schenk (90) A. p. 282; Berry (03) 

p. 64., : y ■■ . . . , 

3 Heer (82) B. PI. XXIX. fig. 12. ^ Ettingshausen (72) PL i. fig. 30. 

^ Hollick and Jeffrey (09) B. p. 22, Pis, ni., vn., viil, xxvni., xxix. 
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traces of two or three leaves. Several stomata occur on the sur- 
face of the phylloclade, each surrounded by 4 — 5 accessory cells. 
Sclerotic cells are present in the pith. The secondary xylem is of the 
coniferous type and the uniseriate bordered pits on the tracheids 
may be either separate and circular or flattened by contact. No 
resin-cells, such as occur in the wood of Phyllodadus, were recog- 
nised. The medullary rays are not described. The data are 



Eig. 805. Elatodadws Hollick and Jeffrey.) 
elegans. (Nat. size; 

• after Heer.) 


hardly sufficient to justify the inclusion of this type in the 
Araucarineae : the occasional flattening of the tracheal pits and 
the absence of resin-cells are not fatal to an alliance to Phyllodadus, 
The precise position of the genus within the Coniferales must for 
the present be left in doubt. 

Androvettia elegans Beiiy. 

This species, from the Upper Cretaceous of Georgia, is repre- 
sented by dorsiventral fern-like vegetative shoots which, as Berry^ 
^ Berry (14) p. 103, PI. xviii. 
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points out, bear a close resemblance to species of Moriconia {cf, 
fig. 760) . Tbe branches are distichouslj arranged and the opposite- 
lateral leaves are stout, falcate, and deciirrent while those on the 
upper and lower faces are represented by scales on the middle 
line of the phylloclades. 

The same author describes specimens from beds in North 
Carolina^ referred to the lower half of the Upper Cretaceous as 
Anifovettia caroUnemis, 

BACTYOLEPIS. Hollick and Jefeey. 

Dactyolepis cryptomerioides Hollick and Jeffrey. The generic 
name^ was instituted for some detached, cuneate, cone-scales from 
the Cretaceous beds at Kreischerville in Staten Island, approxi- 
mately 4 mm. long, composed of an upper and a lower segment. 
The upper portion is divided distally into as many as seven 
irregular short finger-like processes and the lower part is entire. 
Each of the processes possesses a single vascular bundle ' completely 
surrounded by a cordon of transfusion-tissue, thus betraying its 
Araucarineous relationship.’ The scales which are without seeds 
are compared with those of VoUziaA There is, however, no proof 
that Yoltzia had double scales. The view that Dactyolepis is 
Araucarian may fairly be said to rest on an insufihcient basis. 

RARITAHIA. Hollick and Jeffrey. 

The name after the Raritan formation, was given 

to some Cretaceous fossils from Kreischerville identical with New 
J ersey specimens described by Newberry as Frenelopsis gracilis ^ 
on the ground that they belong to a type distinct from Frenelopsis 
as generally understood. 

Rariiania gfacilis (Newberry). The specimens so named con- 
sist of slender, dichotomously branched, axes bearing minute 
leaves resembling form of the 

branching the leaves of Baiera Lindleyana (Schimp.). The dis- 
tinguishing feature is the occurrence of the prickle-like leaves 
(fig. 807, B) invisible to the unaided eye (fig. 807, A). A small 

^ Berry (10^) p. 183, PI. xix. 

" Hollick and Jeffrey (09) B. p. 52, PI. X. figs. 12, 13. 

. B. p. 26, Pis. VI., ix,, X., XX. 

^ Newberry and Hollick (95) p. 59, PI. xii. figs, 1 — 3 a. 
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imperfectly preserved cone was found on a peduncle having leaves 
similar to those on the vegetative twigs. Some fragmentary 
lignitic branches (fig. 807, C) associated with the impressions 
showed the anatomical characters of a Conifer; but Hollick and 
Jeffrey, though believing that the fragments 'almost certainly’ 



Fig. 807. A, B, Raritama gracilis; 0, Maritanial:, (After Hollick and Jeffrey, 
A, B, X 6; C, X 10.) 

belong to Ban tom, admit that there is no proof of their identity 
with the dichotomously branched impressions. The secondary 
xylem of the cylindrical stele of the twigs, one of which is shown 
in fig. 807, C, agrees with that of Brachyphyllum macrocarpiim 
Newb. The uniseriate bordered pits are occasionally flattened; 
the cortex, confluent with the decurrent leaves, contains sclerotic 
cells and each leaf has a resin-canal subtending the leaf- trace. 
The genus is referred to the Araucarineae on the evidence of the 
occurrence of flattened pits at the ends of some of the tracheids, 
a conclusion difficult to accept without considerable reservation. 

SCHIZOLEFIS. Braun. 

Braun^ instituted this genus for a strobilus from Ehaetic 
rocks in GTcrmany which he called Uaso-Jceuperinus, 

V Braun (47) p. 86. 
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characterised by its deeply split cone-scales. Schenk^ subsequently 
substituted the name /S. Braunii and included under that designa- 
tion Braun’s Isoetites piimilus, a species founded on a foliage-shoot, 
also some other similar vegetative branches believed to belong 
to the plant 'which bore the cones. As here used, the term 
Sekizolepis is restricted to cones and cone-scales since there is no 
definite evidence as to the nature of the foliage-shoots connected 
with the strobili. Sekizolepis cannot be referred on any satis- 
factory grounds to a definite position among the Goniferales : it is 
possibly an extinct type allied to recent Abietineae, but until 
more is known with regard to the morphology of the cone-scales 
the systematic position must be left an open question. The genus 
is represented by strobih from Ehaetic beds in Franconia, Scania, 
and Poland; detached scales from Middle Jurassic floras are also 
included in Sekizolepis (fig. 808), and Nathorst has described 
incomplete strobili from Upper Jurassic or Wealden strata in 
Spitzbergen. Attention has been called to a resemblance between 
Sekizolepis scales and the fertile leaves of Tmesipteris^, but there 
is no reason for regarding this as indicative of relationship. More 
than one author has compared the bilobed cone-scales of Sekizolepis 
with the 3 — 5-lobed scales of VoUzia and Cheirolepis though this 
comparison rests on a feature which in itself is no proof of affinity. 
A comparison may also be suggested with the reflexed cone-scales 
of Picea Breweriana. 

Sekizolepis Braunii Schenk. 

It has already been pointed out that under this name Schenk® 
included both cones and vegetative shoots though he recognised 
the lack of any decisive evidence of common parentage. While 
agreeing with Nathorst that the association with Sekizolepis 
strobili of similar vegetative shoots both in Germany and Sw^eden 
may be more than accidental, in the present state of our knowledge 
it is preferable to refer the leaves and branches to Pityopkyllum or 
Pityocladus: In the younger strobili the bilobed scales are more 
or less pressed against the axis and in older examples they are 
more spreading : each scale has two lanceolate lobes and is attached 

■' 1 Schmk:(67):A.\p.U79.''^ ■ 

Schenk (67) A. p. 179, H. xliy. ; Schimper and Schenk (90) A. p. 306. 
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by a narrow stalk-like basal portion (fig. 808, B). Schenk states 
that there are two anatropous seeds to 
each scale, but it is not clear if the actual 
seeds are present. 

ScMzolepis FolUni Nathorst. 

In this species from the Rhaetic flora 
of Scania^ the bilobed scales are sessile 
and broader than in S. Bmunii. In some 
specimens there appear to be two seeds 
near the base of a scale. Saporta^ regards 
the cone-scales of the type-species and S. 

FolUni as double structures, the trans- 
verse line shown in Schenk’s figures below 
the forking of the scale being the limit of 
the bract-scale, while the thinner distal 
iobed part represents the seminiferous 
scale; an interpretation which rests on 
very slender evidence. To this species 
Eaciborski^ refers a specimen from rocks 
possibly of Rhaetic age in Poland. 

Schizolepis Moelleri Seward. 

Under this name^ some detached bi- 
lobed scales without seeds were described 
from Jurassic rocks in Turkestan (fig. 808, A) and the South of 
Russia^, and Krystofovic has recently discovered a cone of the 
same species in Jurassic strata in Transbaikalia®. 

Schizolepis cylindrica Nathorst. 

Founded on a long and narrow, incomplete, strobilus from 
Upper Jurassic rocks in Spitzbergen"^ bearing deeply lobed scales. 
A second species, S. retrofiexa^ (fig. 808, C), assigned with some 

1 Nathorst (78) B. p. 28, Pis. XIV., XV. * 

2 Saporta (84) p. 502. 

3 Raciborski (92) p. 354, PL n. figs. 1, 20 d 

^ Seward (07^) p. 36, PI. vn. figs. 64 — 66. 

® Thomas (11) p. 79, PL V. fig. 4. ‘ 

® KrystofoviS (15) p. 95, PL vi. figs. 10, 11. 

^Nathorst (97) p. 39, PL n. figs. 1, 2. 

^ lUd. p. 60, PL ni. figs. 31, 32; PL vr. figs. 11, 12. 


Fio.808. ScMzolepis, A, ScM- 
zolepis Moelleri. B, ScMzo- 
lepis Brauyiii. C, ScMzo- 
lepis{ ?) retroflexa. (A, after 
Seward; B, after Schenk; 
C, slightly enlarged, after 
Nathorst.) 
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doubt to ebarac^ by pendulous stalked scales : 

in neither of these Spitsbergen forms are there any seeds on 
the strobili. Nathorst quotes a species from Portugal described 
by Saporta^ as Palaeolepis bicomuta as being possibly allied to 
Sehizolepis, but there are not sufihcient grounds for assuming any 
close affinity. He also draws attention to the resemblance of the 
bilobed leaves or scales of Sehizolepis {?) retroflexa to the fertile 
leaves of Tmesipteris; the relationship ot the Spitzbergen fossils 
must be left uncertain pending more evidence. 

BREPANOLEPIS. Nathorst. 

Heer described a specimen of Jurassic age from Spitzbergen 
as PhyUocladites rotundifolia^ which he considered to be closely 
allied to PhyUocladtis: an examination of the type-specimen led 
Nathorst^ to institute a new generic name Drepanolepis, As 
Nathorst’s revised description and more accurate drawing show^ 
there are no substantial grounds for assuming any relationship 
between the fossil and Phyllocladus. Drepanolepis rotundifolia 
consists of a fairly stout axis bearing spirally disposed thick, 
falcate scales each of which bore a seed, or possibly a sporangium, 
near the base (fig. 798, C). A similar type is described by Nathorst 
as Drepanolepis angustior^ characterised by the narrower form of 
the scales and a broader axis. Both species may be described as 
strobili of open habit with single-seeded sporophylls: it is impossible 
to determine the systematic position of the genus, though as 
Nathorst says it is probably a type of fertile Gymnospermous 
shoot. There is no reason for comparing the specimens with 
Phyllocladm. 

SCHIEOLEPIDELLA. HaUe. 

Schizolepidella Halle. The specimens on which this 

genus is founded are from the Hope Bay flora in Graham Land 
probably of Middle Jurassic age; they consist of slender sterile 
shoots reaching a maximum length of 12 cm. and 2 mm. broad, 
rarely branched and bearing small leaves, 2 x 1*5 mm., apparently 

^ Saporta (94) B. PI. xxxni,*%. 4. 

“ Heer (75) ii. p. 124, PI. XXXV. figs. 17, 18. 

3 Nathorst (97) p. 43, PL vi. figs. 24, 26. 

^ m > Halie (132) p|, figs. 18— 2L 
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spirally disposed (fig. 809). The lamina is rounded, ovate or 
obovate, and always bilobed at the broad apex : 
no veins were detected. As Halle says, it is im- 
possible to determine the affinities of the frag- 
ments but he thinks they may belong to pen- 
dulous branches of a Conifer. Attention is called 
to a resemblance to some Hepaticae, and a pos- 
sible relationship to Lycopodium or the Psilotales 
may also be suggested. The choice of the generic 
name is not intended to imply anything more 
than a superficial similarity between the leaves K A 
and the bilobed strobilar appendages of Scliizo- ^ 
lepis^. 

Pig. 809. ScMzolepi^ 

CYPARISSIDIUM. Heer. della gracaw.J,Aitet 

Halle; A, enlarged; 

This name was given^ to foliage-shoots and B,nat.size.) 
cones, from the Urgonian rocks of Greenland, originally described as 
Widdringtonites gracilis^. The smaller sterile branches are indistin- 
guishable from specimens referred by authors to Widdringtonites 
while the larger examples might be included in Brachypliyllum. The 
leaves are small, appressed, and imbricate, similar to those of some 
recent Cupressineae and Callitrineae but spirally disposed and not 
verticillate (fig. 810); the shoots agree also with Microcachrys and 
other recent Conifers. The cones are composed of a small number 
of flat scales (fig, 810, B) too imperfectly preserved to afford any 
definite evidence as to the affinities of the genus. Heer states 
that a detached cone-scale shows the impression of a single seed, 
but the material is insufficient to form the basis of a comparison 
with the Araucarineae; he points out a resemblance to Cunning- 
hmnia, and mentions the striated surface of the fossil cone-scales 
as a distinctive feature, though that may be due, in part at least, 
to the state of preservation. The flat form of the cone-scales is a 
character in which Cyparissidium differs from genera such as 
Sequoiites, and from the Callitrineae the cones are distinguished by 
the spiral arrangement of the scales. 


^ See page 439, 

2 ijeer (75) ii. PI. xvn. 
xxvin. , 


g, 5 b, c; Pis. XIX., XX., xxi. ; (82) pp. 16, 50, Pis. i., vri. 

3 (68) p. 83. 
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Cfpwrissidium is characteristic of Lower Cretaceous strata 
though Nathorst^ has recorded a species, C, Nilssoniamim, from 
Rhaetic rocks in Scania with cones having scales more pointed 
and lanceolate than those of Heer’s species. A second Ehaetic 
species, C. septentriomle, has been transferred by Nathorst to the 
genus Stachjotaxus^. 



Eig. 810. Cypcinssicliim* A, B, Gyparissidmm gracile. C, C'. mimm/im. 

(A, B, after Heerj'CVafter Velenovsky; nat. size,) 

Cyparissidium gracile iLeex, 

The type-species (fig. 810, A, B) is one of the most abundant 
plants in the Koine beds at Pattorfik in West Greenland and it 
occurs also in the Atane beds. The cones are 26 mm. long and 
11— 20 inm. broad with scales having a breadth of 12 mm., a 

^ Nathorst (86) p. 103, PI xxn. 


See page 410. 
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rounded distal border, a mucronate apex, and a striated dorsal 
face. Velenovsky^ records tMs species from Lower Cretaceous 
rocks in Bobeinia but without the essential evidence of cones: the 
same author describes a smaller type from Bohemia as C. minimum^ 
(fig. 810, C). Schenk^ figures some fragments from Lower Creta- 
ceous rocks in the Tyrol as Cyparissidium cretacemn^ but in the 
absence of cones there is no sufficient reason for their inclusion in 
Oypari$sidium> Hollick’s record of C, gmcile from the Cretaceous 
of Block Island^ is based on insufficient evidence. 


BENSTEDTIA. Seward. 

In 1862 Mackie'^ figured a fossil stem from Lower Greensand 
rocks in Kent which Konig afterwards named Draeaena BenstedtiL 
This name was adopted by Morris and Mantell for the supposed 
"'Dragon tree.’ In 1868 Carruthers® expressed the opinion that 
the fossils are more likely to be Pandanaceous stems, while Gardner^ 
spoke of a possible Cycadean affinity. An examination of Mackie’s 
specimen^ and others in the British Museum led me to suggest a 
comparison with stems of recent species of Cycads, particularly 
stems of Zamia which do not retain the armour of leaf-bases 
(fig. 381 B, voL III. p. 5) characteristic of most Cycadales, and to 
institute a new generic nsbine Benstedtia^ in preference to a designa- 
tion implying an improbable relationship. The genus is defined 
as follows: stems characterised by irregular and interrupted 
grooves and broader ridges running transversely, with occasional 
small elliptical protuberances irregularly disposed on the surface. 
There are no distinct leaf-scars but branch-scars occasionally 
occur ; the upward convergence of the transverse wrinklings indi- 
cates bifurcation in some specimens. 

The English examples reach a length of over 40 cm. and a 
diameter of 15 cm. Smaller specimens with similar surface-cha- 
racters are described by Fliche^ from Lower Cretaceous beds in 
France as Goniferocaulon colymheaefonm and compared by him 
to stems ol Amucaria imhncata: other examples closely resembling 

^ Velenovsky (85) B. p. 17, PI. vm. ^ Pis. ix., x. 

3 Schenk (76) B. p. 167, PL XXIX. figs. 10, 11. 

^ Holiick (06) j). 46, PI. m. fig. 11. 

Mackie (62). Carruthers (68) p. 154 (footnote). 

' Gardner (862) p. 201. » ge^ard (962) p. 216, k Pliehe (OG). 
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the French stems are recorded from the Uitenhage (Wealden) 
series of South Africa and the Kimeridge rocks of Sutherland^, 
Scotland, in the former case as Benstedtia sp., and in the latter as 
Coniferocaulon colymheaeforme because of the presence of a small 
pith more suggestive of a Conifer than of a Cycadean branch. A 
large specimen from Jurassic rocks in India is described by Miss 
Bancroft^ as Coniferocaulon sp. ; this agrees very closely in surface- 
features with the casts from Kent, but an examination of transverse 
and longitudinal sections demonstrated that the apparent surface 
is not the actual surface, and such anatomical data as it was 
possible to obtain clearly indicated the Coniferous nature of the 
wood, conclusions in agreement with those reached by Dr Stopes 
in the case of some English specimens. The reference of these 
stems to Cycads or Conifers was based entirely on surface-characters 
and it ’was recognised that no definite conclusion was possible 
without anatomical confirmation. Dr Marie Stopes^ succeeded in 
obtaining preparations of tracheids from a Lower Greensand cast 
showing uniseriate and separate bordered pits of the At)ietineous 
type thus disproving a Cycadean affinity. This discovery led to 
the substitution of Coniferocaulon for Benstedtia, at least as regards 
the specimens which afforded anatomical evidence; in the French 
and South African examples no internal structure is preserved. 
Dr Knowlton^ pointed out that the generic name Benstedtia should 
be preferred to Coniferocaulon oi\ the ground of priority and he ^ 
named the English specimens Benstedtia Benstedtii. Dr Stopes® 
replied to this criticism by asking, why the Dragon tree, which is 
merely a partially decorticated piece of badly preserved Coniferous 
wood, should have a name. Specimens exhibiting distinctive 
surface-features, whether complete or decorticated and even if 
they are in some cases at least portions of Coniferous stems, are 
none the less entitled to some recognition as a matter of convenience. 
Some excellent illustrations of casts are given by Dr 

Stopes in her recently published Catalogue of Lower Greensand 
Plants®. 

1 Seward (03) B. p. 34; (IP) p. 690. 

2 Bancroft (13) pp. 72, 85. » Stopes (11). 

^ Knowlton (11). & Stopes (tP). 

Stopes (15) p. 159, Pis. xm., XIV. 
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GBNMBA mOEBTAE SEDIS, 

PODOZAMITES Braun, and CYCADOCARPIDIUM Nathorst. 

The name Fodozamites^ was instituted for certain species pre- 
viously included in Zamites characterised by the possession of distant 
alternate pinnae with a contracted base and veins slightly spreading 
in the proximal part of the lamina but for the most part approxi- 
mately parallel. As defined by Braun Podozamites differs in no 
very important respect from Zmnites, and the latter name is retained 
by Schenk for Z. distans Presl in preference to Podozamites applied 
to that species by Braun. By most authors Podozamites has been 
regarded as Cycadean, but Schenk’s discovery of a specimen of 
Podozamites^ in the Rhaetic beds of Franconia showing a cluster 
of small scale-leaves at the base of the axis led him to suggest a 
possible affinity to Agathis as an alternative to the generally 
accepted view that the appendages are leaflets or pinnae homo- 
logous with those of a pinnate Cycadean frond. In a later paper 
Schenk included in Podozamites ^ome undoubted pinnate fronds 
on which Schimper founded the genus Glossozamites^. Schenk 
was, however, influenced in his preference for a Cycadean alliance 
by the structure of the epidermal cells (fig. 812, E) which have 
straight walls, and the same consideration weighed with Zeiller^ 
who was strengthened in his view by the characters of the seed- 
bearing sporophylls . described by Nathorst^ and provisionally 
connected by him with Podozamites, Wathorst® described a speci- 
men from the Rhaetic strata of Scania agreeing in the presence of 
basal scale-leaves with that figured by Schenk, and more recentlv 

^ Braun (43) p. 36. ^ Schenk (67) A. Pi. xxxvi. fig. 3. 

^ Ibid. (71) PL II. Azeiller (03) B, p. 159. 

Nathorst (86) p. 91, PI. xxve. ® Ibid. (86) PI. xvi. fis-. 10. 
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Sciiister^ has published photographs of some examples of Podo- 
zaniites distans in which the base of the axis is invested by small 
imbricate scales and in connexion with it are two other clusters 
of siniilar scales, probably unexpanded buds. In 1900 I expressed 
the opinion that Podozmnites is probably a Conifer^, the supposed 
pinnate fronds (fig. 811) being foliage-shoots like those of recent 
species of Agathis. The most important recent contribution to our 
knowledge of Podozamites is due to Nathorst : in 1911 he published 
additional facts^ with regard to some seed-bearing organs from the 
Khaetic of Scania for which he proposed the generic name Cycado" 
carpidkim in 1886 and in 1902^ more fully described the type-species 
G, Erdnianni. Until the publication of Nathorst’s more recent 
paper Cycadocarpidium was known only as detached sporophylls 
found in beds containing Podozmnifes leaves. The following de- 
scription is abridged from Nathorst’s account. 

Cycadocarpidium Erdmanni is represented by ovate sporophylls 
consisting of a vSterile portion 9 mm. long and at most 6 mm. broad 
with 4 — 5 simple veins, tapering to a short and slender pedicel on 
each side of which is an oval seed (fig. 812, A — -D) Avith an obliquely 
placed triangular lamina compared by Nathorst with a cupule and 
interpreted by Schuster as a leaflet. A specimen figured by Nathorst 
shows several sporophylls attached to a common axis, and supports 
his view that the seed-bearing organs were borne as imbricate 
carpellary scales. Fig. 812, A is drawn from Nathorst’s restoration 
of a cone-like cluster of sporophylls. Another type of sporophyll, 
Cycadocarpidmm Swabii, is distinguished by the larger dimensions 
of the lamina, 4*1 cm. long and 16 mm. broad, with 10 veins: in 
this type the two small seeds are apparently without any appen- 
dages (fig. 812, C, D). A third species, C, redivimm, is founded 
on small detached leaves and bud-like clusters previously sls- 
signed to Podozamdtes distans. These are now recognised as small 
Cycadocarpidmm sporophylls. There is a strong probability that 
Cycadocarpidium wsisdoome on a Podozamites shoot; in form and 
venation the sterile lamina of the sporophylls agrees with the 
leaves ot Podozamites M\d the two organs are constantly associated 
in the Scanian beds. Zeiller records (7. Erdmanni :'m Wns^etio 

2 Seward (00) B. p. 242, 

4 (02) p. 8, PI. I. %s. 5, 6 


^ Scliuster (11^). 
^ Nathorst (11^). 
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rocks ill Tonkin^ where Podozamites dilm occurs. Heer^ in his 
account of some impressions of Podozamites from Spitzbergen 
figured a seed in close association ivith what he believed to be a 
carpelkiy leaf like that of a Cycad and suggested a connexion 
between the seed and Podozamites : this supposed connexion has, 
however, little to support it. 



Eig. 812. A, B, Gycadocarpidium Erdmanni. A, Bestoration of fertile shoot. 

B, Single sporophyil with seeds. C, B, Cycadomrpidium Swabii. (After 

Nathorst.) E, Epidermal cells, (After Schenk.) 

Nathorst’s view of the sporophylls is that each is a single fertile 
leaf bearing two ovules comparable morphologically wuth the 
niegasporophylls of Bfoon, but, as he points out, the terminal 
portion of the sporophyil oi Cymdocdr^pidium is much more leaf- 
like than the sterile distal end of the megasporophylls of Dioon, 
Enceiyliatartos Zamiu. 11% that the evidence afforded 

^ iSTathorst (il‘*) p. 5., . ^ Heer (77) i, PI. viii. iig. 4. 
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by these seed-bearing organs favours a Cycadean alliance: on the 
other hand he has satisfied himself that some Podozamites specimens 
are shoots with spiral linear leaves like those of AgatMs. It is in 
many cases very difficult to say whether the axis of a Podozamites 
bears the leaves in two ranks or spirally. Nathorst speaks of 
some examples in which the leaves are not spiral and suggests the 
existence of two kinds of branch some with spiral and some with 
two-ranked leaves as in certain Conifers. But if this is the case 
one can hardly imagine that the two-ranked arrangement is not 
due to the twisting of the leaves of shoots with spirally disposed 
foliage. In a recent contribution to the systematic position of 
Podozamites Schuster^ speaks of Cycadocar 2 )idium Erdmanni as 
differing from 0. Sivahii in the presence of two ^rudimentary 
leaflets’ (the triangular lamina shown in fig. 812j B) which in the 
latter species are represented only by two small swellings at the 
upper ends of the seeds : he regards (7. Erdmmni as the more 
primitive type. The lamina is homologised with the cover-scale 
or bract of the double cone-scale of the Abietineae; he compares 
the two leaflets of C. Erdmanni and the swellings in C. Sivabii with 
abnormal seminiferous scales of an Abietineous cone. Schuster’s 
view is that Podozamites distans is a primitive Conifer evolved 
from the base of a Cycadofilicinean line which gave rise to the 
Ginkgoales, a supposition based on a very slender foundation. 
Nathorst regards Podozamites as an intermediate type related both 
to Cycads and Conifers; he does not, however, overlook the fact 
that the sporophylls of Cycadocarfidium may be compared with 
those of some Conifers even though their resemblance to Cycadean 
sporophylls would seem to be closer. Additional data are needed 
before we can settle the position of Podozamites, but such informa- 
tion as we have may be said to point to the conclusion that it is 
nearer to the Conifers or the Ginkgoales than to any other group of 
Gymnosperms. Nathorst. calls attention to a similarity between 
Yokoyama’s Ginhgodium Nathorsti^ and separate leaves of Podo- 
zamites ; a similar comparison may be made between the latter genus 
and Eretmophyllum, a genus instituted by Thomas^ and referred 
to the Ginkgoales (c/. figs. 658, 659, pp. 59, 62). There is indeed some 
reserablance between (Jycadocarpidium mid abnormal 

^ Schuster (114), 2 YQjjoyama (89) B. Pis. viii., ix. 3 Thomas 
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seed-bearing leaves of Ginkgo. We have as yet but little to guide 
us ill our attempts to trace the ancestry of that remarkable survival 
Ginkgo hiloba, and it is highly probable that, if more satisfactory 
records of older members of the Ginkgoales were available, we 
should be able considerably to extend the range in morphological 
characters which in the present representative of the group is 
comparatively restricted. The numerous leaf-bearing axes, many 
of them branched, referred by Fontaine^ to his genus Nageiopsis, 
should not be overlooked from the point of view of their possible 
relationship to Podozamites. The branching habit of these Potomac 
specimens is no bar to an affinity to Podozamites if examples of 
the genus are no longer to be interpreted in terms of a Cycadean 
frond, Berry*^, in a recent revision of Fontaine’s genus, refers 
some species to Podozamites which he still regards as Cycadean. 
It is interesting to find on a specimen of Nageiopsis figured by 
Fontaine a zone of crowded scars^ (fig. 816, s) such as may be seen 
on an Agatliis shoot. 

Many of the leaves described as Podozamites are of little value 
as evidence of the occurrence of the genus. In the case of imperfect 
specimens of detached leaves it is often impossible to distinguish 
between Podozamites, Phoenicopsis, and the leaves of Araucarian 
plants, or pinnae of some species of Zamites, It is therefore not 
possible to state with confidence the geological range of the genus. 
Undoubted examples of Podozamites are essentially Khaetic and 
Jurassic fossils, and there can be no doubt as to the abundance 
and wide geographical range of the genus in both these periods. 
Such leaves as those recently figured by Hollick^ from Cretaceous 
beds of Long Island as Podozamites lanceolatus certainly agree 
closely in form with that species, but they are all detached speci- 
mens: the fragmentary leaves from the Middle Cretaceous beds of 
the Amboy clays described as P. angustifolius -maf- 

[gimtus Heer^ afford no proof of the presence oi Podozamites: 
similarly Yelenovsky’s species P. mmcemba from Bohemia^ might 
equally well be referred to the genus Dammarites: 'Wdil pre- 
served specimens have been described by Zeiller^ from the 

1 Eontaine (89) B. p. 195., ,2 Berry (10). 

3 Fontaine (89) B. PL lxxvi, fig. 5, -4 Holfick (12) Pis. 162, 163. 

Newberry and HolHck (95) Pi. xm. figs. 1 — 0 . 

« Velenovsky (81) PL i. figs, 18—20. ’ Zeiller (03) B. 
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Eliaetic flora of Tonkin^. There are few satisfactory records of 
the genus from the southern hemisphere^ and we have no actual 
proof of its existence in India^ though FeistmanteP refers to 
Podozaniites detached leaves, which, as an examination of the 
original specimens shows, may have been borne on Podozamitss 
shoots, but they may also be examples of Plioenicopsis. One of 
the leaves figured by Feistmantel from the 
J abalpur group as Podozamites lanceolatus 
is reproduced in fig. 813 from a drawing 
recently made from the actual fossil: the 
lamina shows several fine parallel stria- 
tions between the more clearly marked 
veins. Miss Holden, who examined the 
carbonised cuticles of some of the Indian 
leaves lent’ to me by the Director of the 
Indian Geological Survey, found that the 

epidermal cells have straight walls and ^ o,.. * a • ^ 

y ® Pig. 813. A, Specimen figured 

the stomata, usually with six accessory peistmantel as Podo- 
cells, occur in the intercostal regions on zamUeslameolahis. B, Piece 
both surfaces: the characters of the epi- of lamina enlarged. (Cal- 

dermis are favourable to a relationship India.) 
with the Coniferales and they are not 

inconsistent with the inclusion of the fossils in the genus Phoe- 
mcopsis. Halle^ has recently described some imperfect leaves 
from Patagonia as -piohahly Podozamites, but as he pertinently 
says the evidence is not enough to establish the correctness of the 
determination. Some of the leaves from the Potomac beds in- 
cluded by Fontaine in Podozamites are of little value as authentic 
records of the genus, hut there is still considerable doubt as to 
the relationship between this genus and Nageiopsis which was very 
abundant in the Potomac flora. The leaves figured by Fontaine^ 
from the Jurassic of Oregon and from Alaska are also not above 
suspicion as records of Podozamites, though there is no doubt that 
the genus was represented in some of the North American floras. 

^ Walkom (17) p. 20. 

- Feistmantel (82) p. 39, PL n. %s. 2~5. 

^ Halle (13). ‘ - 

Fontaine in Ward (05) B. Pis. xxiv., xxv., xliv. Knowiton (14) Pis. v.. vi. 
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Podozamites distans (Presl). 

This Rtaetic species^ differs very slightly from the Jurassic 
type Podozamites lanceolatus and there has been much confusion 
on the part of authors between the two iorms^ which, indeed, 
cannot always be clearly distinguished. P. distans is often repre- 
sented only by detached leaves but in some specimens the shoot 
reaches a length of 20 cm. The slender axis bears distant, 
lanceolate or ovate-lanceolate leaves, sometimes slightly falcate 
with a rounded or obtusely pointed apex and gradually contracted 
at the base which, as Zeiller says, may assume the form of a very 
short pedicel. The leaves may be 4 — 7 cm. long and 5 — 14 mm. 
broad; the veins, 0-4 — 0*7 mm. apart, are dichotomously branched 
in the proximal portion of the lamina but elsewhere parallel and 
simple, except that they slightly converge at the apex. The 
epidermal cells have straight walls and the stomata, which occur 
on the lower surface, either in rows or scattered, are surrounded by 
small subsidiary cells (fig. 812, E). The leaves are usually rather 
broader in proportion to their length than those of P. lanceolatus 
and the apex is less pointed. Braun^ instituted twm varieties, 
longifolius and latifoKus, and to these Schenk^ added others. The 
species is recorded from the Rhaetic of Scania®, where it is abundant, 
from Persia®, Tonkin, and many other regions: it occurs also in 
Jurassic strata’^, but on the whole P. distans is a characteristic 
member of Rhaetic floras. 

The Rhaetic species Podozamites Schenki Heer® founded on 
Jurassic specimens from Siberia and described by Zeiller^ and 
Nathorst from Tonkin, Persia, and Sweden is distinguished from 
P. distans by the smaller shoots and the more acuminate leaves. 

Podozamites lanceolatus (Bindley and Hutton). 

The type-specimen of Zamia lanceolata Lind, and Hutt.^® in the 
Manchester Museum from the Middle Jurassic beds of Yorkshire 
consists of a slender axis bearing scattered and distant linear- 

^ Sternberg (38) A. PL XLI* fig. 1. 

^ See Zeiller (03) B. p. 159 for examples of P. distans referred to P. lanceolatus. 

3 Braun (47) p. 85. * Schenk (67) A. Pis. xxxv., xxxvi. 

^ Xathorst (78) B. Pis. xm., XV. 

« Zeiller (05) p. 193. 7 Eor references, see Zeiller (03) B. p. 159. 

s Heer (77) ii. p. 45. ® Zeiller (03) B. PI. xlii. 

Bindley and Hutton (36) A. PI. xciv. 
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Iunceolate leaves up to 7 cm. long and 7 mm. broad ; the lamina 
has a tapered acuminate apex and a less gradually though not 
abruptly contracted base. The leaves difier from the leaflets of 
Zamia which they superficially resemble in their less abruptly 
contracted proximal end. In habit a shoot of P. lanceolatus. 
(fig. 811) very closely resembles the fronds of Zamia niedia. Some 
of the leaves in the type-specimen appear to be laterally attached, 
while others appear to be given off from the upper surface. The 
leaves of this as of other species are frequently found detached. 
The variability in the form of the leaves has led to the employment 
of several varietal names, and if not used too freely the addition 
of some descriptive term to the specific name may often serve a 
useful purpose. Fig. 811 represents a good example of the species 
from the Yorkshire coast. The method of attachment of the 
leaves is not always clear, but their irregular distribution and the 
slender axis are features more in accordance with a foliage-shoot 
than a pinnate frond. Podozamites lanceolatus is a widely dis- 
tributed Jurassic species^ recorded from many European localities 
extending to North Siberia and Spitzbergen as well as from North 
America, Turkestan, Afghanistan, Japan, China, and elsewhere. 
The specimens figured by Feistmantel from Upper Gondwana 
rocks in India as P. la?iceolatus (fig. 813) should, I am inclined to 
think, be assigned to Phoenicopsis, 

Podozamites Reinii Geyler; Podozamites stonesfieldensis &e\YeiTd; 

Podozamites Griesbachi BewebTd, 

These species from J urassic strata serve as examples of a broader 
type of the genus represented in the last two species by detached, 
leaves only. In these as in many other cases one cannot feel 
absolute confidence as to the correctness of the determination. In 
some of the Japanese examples of P. Reinii^ (fig. 814) the broadly 
oval leaves are attached to a slender axis. P. stonesfieldensis^ 
from the Great Oolite of Stonesfield is probably identical with the 
leaves originally described by Buckman as Naiadea ovata w.d Lilia 
lanceolata: the leaves are oblong-ovate, approximately 8x3-5 cm. ; 
the lamina is rather abruptly contracted at the base and more 

1 For references see Seward (00) B. p. 242; (07^); (11). 

2 Geyler (77) B, Pis. xxxni., XXXIV, 

3 Seward (04) B. p. 121, PI. m. %. 4; PL xi. figs. 1, 2. 
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gimdiially tapered towards the apex; the veins are slightly more 
than 1 mm. apart and converge at each 
end of the lamina. The species re- 
sembles P. lanceolakis var. latifoUiis 
figured by Schenk^ from China. 

Podozamites Griesbachi^ is a Jurassic 
species from Afghanistan similar in the 
shape and size of the leaves to the other 
two species; it has a coarser venation 
than P, Remii but the venation is still 
coarser in P, stones fieldensis, A similar 
form of leaf is figured by Velenovsky^ 
from the Lower Cretaceous of Bohemia 
as P. st/riaMs. 

Podozamites Kidstoni Etheridge. 

In this type^, usually represented by detached leaves, the 
lamina is smaller than in other species, short and broad with a 
blunt apex and abruptly contracted at the base. The species is 
recorded from Afghanistan^* and similar leaves are figured by 
Chapman® from Jurassic rocks in Victoria, Australia. Etheridge’s 
type-specimen is from the Biirrum Coal Measures (? Triassic) of 
Queensland, This form of ' leaf agrees closely with some of 
Fontaine’s Potomac species of Nageiopsts, e.g. N, ohtusa and N. 
heterojjhylla'^ , and a similar though not identical form is described 
by Nathorst® from the Ehaetic of Sweden as P. omlis, distinguished 
by its broadly rounded and mucronate apex. . 

NAGEIOPSIS. Fontaine. 

This genus was established^ for vegetative shoots abundantly 
represented in the Potomac flora many of which closely resemble 
Podozamites, though differing in their branched habit and in the 
veins being less convergent in the apical region of the lamina. 

^ Sclienk (83) A. PI. xncx. figs, 45, 5. 

“ Seward (12) p. 36, PL iv. fig. 58; Pi, vi. fig. 79. 

2 Velenoysky (85) B, PL n. fig. 8. 

^ Jack and Etiieridge (92) B. p. 317, PL xvni. figs. 6, 7. 

5 Seward (12) PL iyffig. 39. « Chapman (09) Pi. xvm. 

^ Fontaine (89) B. Pis. LXXxiv., Lxxxv. 

Nathorst (78) B. PL xni. fig. 5. • (89) B. p. 194. 
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Fontaine recognised the similarity between Nageiopsis and sboots 
of Podocarpiis belonging to the section Nageia: this suggested the 
choice of the generic name. Berry^ in his revision of Nageiopsis 
transfers some of Fontaine’s species to Podozamites ; he also reduces 
the number of the species retained in Nageiopsis on the ground that 
Fontaine attached too much importance to variations in the size 
and form of the leaves. I have elsewhere suggested‘^ that some of 
the shoots referred to Nageiopsis may be Araucarian, as in habit 
they closely resemble Araucaria Bidwilli and Agathis. Until 
reproductive organs are discovered it is impossible to speak with 
confidence with regard to the position of the genus. It may be 
closely allied to Podozamites or, as Fontaine believed, it may be 
related to Podocarpiis. It should be noted that some of the speci- 
mens included by Fontaine in Nageiopsis are hardly distinguishable 
from Zamites Btichiamis^. 

Trees or shrubs characterised by irregularly branched foliage- 
shoots bearing leaves usually in two ranks but spirally attached; 
the leaves exhibit a wide range in size and 
shape, long and linear or lanceolate, acute or 
subacute, more or less abruptly contracted at 
the proximal end and attached by a very short 
stalk ; there are several parallel veins dichoto- 
mously branched near the base of the lamina. 

Nageiopsis ■ Seward. 

This species^ founded on the small specimen 
represented in fig. 815 has distichous leaves 
1—1-5 cm. long with several parallel veins. 

The English Jurassic type agrees generally 
with Nageio])sis microphylla Font, and N. des- 
erescens Font.: a similar form is recQrded from 
the Wealden beds of Sussex®, 
affinity is lacking it is permissible to suggest an Araucarian affinity. 

Nageiopsis Fontaine. 

The linear-lanceolate leaves reach a length of 8— -20 cm. and 
5 mm. to 1*3 cm. in breadth; there are 9— 12 veins unbranched 

^ Berry (10). 2 geward (12) p. 33. ® Berry (11) PI. LXi. 

^ Seward (00) B. p. 288, %. 51. ^ Ihid. {96) A. p. 211, PL xii. fig. 3. 



glica. (Prom a speci- 
men in the Wliitby 
Museum; | nat. size.) 


Though satisfactory evidence of 
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except at the base (fig. 816); the lamina is abruptly narrowed and 
attached by a short and slightly twisted stalk. Though apparently 
inserted laterally the leaves are in all probability spirally disposed. 
In one of Fontaine’s figures there is a group of small scars, fig. 816, s, 
presumably of bud-scales, at one place on the axis. This species 




Fig. 81(3. Ntigeiopsis longifolia. (A, after Fontaine; nat. size.) 

is very abundant in the Potomac beds of Virginia and Maryland^ 
and is recorded by Fontaine from several other localities though 
for the most part on slender evidence. 

Nageiojosis zamioides Fontaine.’ 

In this species^ the leaves are ovate-lanceolate and shorter than 
in N, longifolia; they have a maximum breadth of 2 cm. and 
reach a length of 7 cm. The example described from English 
Wealden beds as Nageiofsis sp. c/., N, heterofhylla agrees closely 
with Fontaine’s Potomac species. 

1 Fontaine (89) B. p. 195j Pis. xxxv.:— lxxix. ; Lxxxv.; Berry (11) p. 384. 

- Ibid. j). 196, Pis. Lxxix. — lxxxi.; Berry (11) p. 386, Pis. lxit., lxiii. 


CHAPTER LII. 


GNETALES, 

I. Recent. ^ 

In this group of Gymnosperms are included three genera. 
Ephedra, Gmtum, and Welwitschia, They differ widely from one 
another in vegetative features, and Ephedra, the most primitive, 
is distinguished by certain important peculiarities of the repro- 
ductive organs. 

Ephedroideae. Ephedra, 

Gnetoideae. Gnetum, Welwitschia, 

Having regard to our exceedingly meagre knowledge of fossil 
representatives, it is unnecessary to deal fully with the recent 
types^, but the members of this aberrant section of seed-plants 
exhibit morphological characters of interest from the point of 
view of comparison with the Bennettitales and the Angiosperms. 
Though in external appearance the three genera are poles asunder, 
they have in common certain features both in the vegetative and 
reproductive organs which differentiate them from all other 
Gymnosperms and connect them more closely than the Cycads or 
Conifers with the Angiosperms. The leaves are opposite; the 
secondary xylem contains vessels in addition to tracheids ; the 
male and female flowers are characterised by the possession of one 
or two envelopes in addition to the usual single integument; the 
inflorescences, occasionally though not as a rule bisporangiate^, are 
distinguished by a dichasial system of branching, a character 
foreign to Gymnosperms as a whole though exhibited by the stem 
of Wielandiella, Sb member of the Bennettitales. There are good 
reasons for believing that pollination is effected by insects'^ in 

^ For a general account of the group, with illustrations, the student is referred 
to Wettstein (11) and Lotsy (11), or to Coulter and Chamberlain (10). 

2 Land (04); Berridge and Sanday (07) p. 127 ; Lotsy (II) p. 293. 

® Pearson (06^) p. 274; (09) p. 343; Berridge and Sanday (07) p. 172; Karsten 
(92); Porsch(lO). . - 
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WelwUschia, in some species of Gnetum, occasionally in 
Ephedra. The seeds are albuminous and the embryos have two 
cotyledons. Archegonia are produced in the female prothallus of 
Ephedra while in Gnetmn Welwitschia these organs are repre- 
sented by single cells as in the Angiospernis or by nuclei. 

Ephedra^ has a wide distribution in the warm temperate regions 
of the northern hemisphere: in America it occurs on both sides 
of the equator and from the Mediterranean region it reaches to 
Brittany in the west and North Africa in the south. Gnetum 
extends both east and west in the tropics: Gnetum scandens is a 
widely spread Asiatic species, and the genus occurs in Angola and 
in some other parts of Africa. Welwitschia is confined to a littoral 
strip of desert in extra-tropical South Africa from 14° S. to 23° S. 
and has not been found more than 50 miles from the coast. 

Ephedra. 

Shrubs, in some species with climbing branches, characterised 
by an Equisetum-Yike^ habit of the younger shoots which form long 
jointed and slightly fluted branches bearing whorls of two or 
sometimes three, scaly, concrescent leaves. In rare cases, e.g. 
Ephedra altissima, the leaves may reach 3 cm. in length and a 
breadth of 1—1-5 mm. Monoecious or dioecious; flowers uni- 
sexual; bisexual inflorescences are recorded in E. campylopoda^ . 
The female flowers occur in strobili on a dichasially branched 
inflorescence; each strobilus consists of three pairs of bracts, in 
some species the bracts are more numerous. There is generally a 
single ovule in E. altissima, but in most species there are two or as 
many as six ovules in a single strobilus. The ovules are enclosed 
by two envelopes regarded by some authors as a perianth and an 
integument and by others as two integuments. In^. distachya,m 
described by Mrs Thoday and Miss Berridge^, two vascular bundles 
supply the outer envelope (outer integument) one running up each 
angle of the flattened side of the flower. The thin inner integument 
becomes free from the nucellus at a distance of two-thirds its 
length and projects beyond the outer envelope as a long style-like 
micropylar tube. A ring of bundles runs a short distance up the 
inner integument but ends low down in a mass of transfusion- 

^ Stapf(89). 2 Wettstein (11) p, 417. ® Thoday (SykeKs) and Berridge (12). 
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traclieicls. ilttentioii is dra\^D to the resemblance of the outer 
integument to the integument of Bennettites, and the single ovule 
of Ephedra is considered to be the representative of the whole 
ovulate strobilus of BemieMites of which it is a much reduced 
derivative. There is a deep pollen-chamber at the apex of the 
niicelliis^ and there are 2 — 8 long-necked archegonia at the summit 
of the prothallus (endosperm). In its female prothailiis and 
sexual apparatus Ephedra differs considerably from Gnetum and 
Welimtschia. The second envelope forms the hard shell of the 
seed which is enclosed by bracts either in the form of membranous 
wings (sect, xiiatae) or as a red or yellow flesh (sect. Pseudobaccatae). 

Ewart^ found that the seeds of Ephedra distachya germinated 
after 93 days’ immersion in sea- water. 

The male flowers^ occiu* also in strobili on dichasial inflorescences, 
a single flower occurs in the axil of each of the fertile bracts. A 
flower consists of a short axis bearing a pair of membranous 
appendages and the flower-axis is prolonged as a simple or bifid 
stalk bearing bilocular synangia, 2 — 6 according to the species. 
In some cases the central stalk or antherophore of the flower is 
flattened and laminar^ instead of the usual cylindrical form: it 
has been interpreted both as an axial and a foliar structure, but 
the latter interpretation is probably correct. Arber and Parkin^ 
regard the antherophore as having been formed from two fused 
members, and this view is adopted by Mrs Thoday and Miss 
Berridge. On the basis of this interpretation the microsporophylls 
of Ephedra, represented by the antherophore, are considered to be 
homologous with the disc of sporophylls of a Benettitean flower 
and with the stamens in a male flower of Wehvitschia, Anatomi- 
cally^ Ephedra exhibits a closer agreement with the Conifers and 
in some respects with the Dicotyledons than with recent Cycads 
or the Bennettitales, The presence of vessels in the secondary 
xylem is an ilngiospermous feature though in structure they differ 
from the Angiospermous type; the pitting of the tracheids is in 
the main Abietineous but the occurrence of compressed pits 

^ Land (04); for other references, see Lignier and Tison (12); also Sigrianski (13) 

“ Ewart (08). 

Thibont (96) gives a good account of the male flowers of the Gnetales. 

Thodaj and Berridge (12) p. 970. ® Arber and Parkin (08). 

^ Thompson (12^), See also Jeffrey (17) p. 357. 
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fiiriiislies a point of contact with the Araiiearineae; rims of Sanio 
occur and xylem-parenchyma is abundant; the medullary rays 
axe multiseriate as in Dicotyledons. The bast on the other hand 
is essentially gymnospernious. The occasional occurrence of spiral 
bands in the tracheids and the presence of lignified trabeculae in 
the xylem-elements are other Coniferous traits. The leaf trace is 
double, a feature met with in Agathis as well as in recent Cycads 
but not in the Bennettitales. The anatomy of seedlings affords 
further indications of resemblance to Amucaria and the Podocarps^. 
It would seem, then, that the case for a relationship between the 
CTuetales and the Bennettitales founded on the facts of floral 
morphology does not derive support from the anatomical features 
of the most primitive genus of the group. 

Gnetum. 

Small trees or climbers with long and slender stems; the inter- 
nodes, sometimes reaching a length of 15 cm., bear pairs of ovate- 
oblong orTanceolate-acuminate leaves 11 — 18 cm. long by 4— 7 cm. 
broad. The leaves^ agree in form and venation with those of 
many Dicotyledons and could not be distinguished from them in 
a fossil state. The epidermal cells have undulate walls. The 
flowers are in spikes; at each node two fused bracts form a cupular 
structure in the axil of which the male or female flowers are borne 
on an annular swelling. The male flowers® are in 3—5 whorls: 
each consists of an envelope of two coherent leaves enclosing a 
central column, as m Efhedray which bears at the apex one, two, 
or rarely four unilocular sporangia or reduced synangia. The 
antherophore eventually elongates and pushes the anthers through 
an aperture at the summit of the floral envelope^. In appearance 
the antherophore of Gnetum approaches most closely to the stamen 
of an Angiosperm. The female flowers® occur in a single series, 
5 — 8 in a whorl; each consists of an ovule surrounded by three 
envelopes; the outermost is coloured and succulent, the middle 
envelope or outer integument is differentiated after fertilisation 
into an inner sclerotesta and an outer sarcotesta, while the inner- 
most covering is prolonged as a micropylar tube. There are no 

1 Hili and de Frame (10) p. 329. ^ Karsten (93); Xotsy (11) p. 347, fig. 209. 

3 Caporn (lO). ^ See- also Pearson (15). 

■' Tlioday (Sykes) (11); Lignier and Tison (13). See also Pearson (17). 
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archegonia: in some species the megaspore contains numerous free 
nuclei all of which are potentially sexual; after fertilisation a 
sterile nutritive tissue, or endosperm, is formed in the lower part 
of the spore. In Gnetum Onemon the endosperm is often formed 
before fertilisation. In the great reduction of the female apparatus 
and in the nature of the endosperm Gnetum^ agrees much more 
closely with WelivitscMa than with Ephedra. Attention has been 
called to certain resemblances between the med ot Gnetum s^nd 



Fig. 817. Seed of Gnetum africanum. a, outermost envelope; v, vascular strands; 
5, outer integument; /, flange of micropylar tube; n, nucellar cap; c, inner 
integument; J9, endosperm. (After Mrs Thoday.) 

that oi BenneUites’^. For convenience of comparison a diagram- 
matic section of a seed of Gnetum africanum is reproduced in 
fig. 817. The outermost envelope, a, forms a green succulent 
covering free to the apex ; the middle envelope, & (outer integiiment), 
is free from the other envelopes except at the apex where it is 
locked to the inner integument by the downward growth of a 
flange, f from the apical region of the inner integument ; the inner 

^ Pearson (09); see also Karsten (92); (93^); Lotsy ( 99); 

“ Berridge (11); (12); Thoday (Sykes) (11). 



464 


GHETALES 


[OH. 


iiitegiuiient, c, is united to the iiucellus for about two-thirds of the 
length of the seed-body. The iiucellus consists of a few layers of 
cells and at the apex forms a nucellar cap, n, the cells of which are 
lignified; this cap is supported by a short tent-pole produced from 
the siminiit of the endosperm. A ring of vascular bundles enters 
the base of the seed and forms three series, the two outer pass up 
to the tip of both the two outer coverings, v, a, and the inner 
series extends up the inner integument as far as the level where 
niicellus and integument part company. In the . seed shown in 
fig. 817 the inicropyle is closed and the tissue in the closed region 
of the canal is lignified and dark. Among other features in which 
this seed agrees with that of Bennettites Morierei is the inner zone 
of the outer integument, composed of a palisade and a fibrous 
layer; the*' fibrous layer becomes five-angled in the upper part of 
the seed^ and in transverse section presents a striking similarity to 
sections through the same region of a Bennettites seed (figs. 524, 527> 
VoL III. pp. 397, 402). The oval fleshy seeds are able to germinate 
after lying some months in sea-water. There is a fairly close 
resemblance between Gnetum and EfJiedm as regards anatomical 
characters, but some species of Gnetum (sect. Thoa) are character- 
ised by the formation of successive cambial cylinders as in Cycas: 
Strasburger^ pointed out that in the vascular bundles of the leaves- 
the parenchyma of the medullary rays forms continuous plates, a 
gymnospermous character. 

Welivitschia. 

This remarkable genus, discovered by Welwitsch in 1860 and 
described by Sir Joseph Hooker^, presents striking peculiarities in 
the habit of the vegetative body. A Wehmtschia plant has been 
aptly termed an adult seedling^; the large and squat tuberous 
stem, morphologically the swollen hypocotyl, may be as much 
as 4*5 in. in girth. The seedling has two cotyledons and an ex- 
ceptionally long radicle: at an early stage a pair of isobilateral 
leaves is produced at right-angles to the cotyledons and these 

Tlioday (Sykes) (11) p. 1116, 

2 Strasburger (91) p. 148. Eor an account of the anatomy of Qndum, see 
Buthie (12); La Riviere (16); Thomson, M. R. H. (16). 

3 Hooker, J. B. (63). For figures of see also Gari, Chron. Jan. 22, 

p. 49, 1910. ■ 4 (102) 333^ 
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persist as the only leaves throughout the long life of the plant, 
attaining a length of 5 m. The tough lamina is torn into strips 
by the wind and ' the extraordinary appearance of the shapeless 
mass of coiled and twisted leaf-ribands standing out in bold relief 
from the sharp glistening dead landscape passes description^.’ 
The venation is parallel and there are numerous cross-connexions, 
some ending blindly in the mesophylP. Welwitschia is dioecious 
and the flowers are borne in inflorescences with a dichasial branch- 
system produced from pits on the crown of the stem; the female 
inflorescences, which are larger than the male, reach a length of 
60 cm. and bear cones about 7 cm. long. The female flowers occur 
singly in the axils of bracts which form four orthostichies giving 
a four-angled form to the cones. Each flower may produce two- 
small leaf-rudiments®, but the flower proper consists of an ovule 
with two envelopes; the outer, called by Hooker the perianth, is 
considerably extended tangentially and in the ripe seed forms a 
wing-like appendage producing an appearance almost identical 
with that of some Samaropsis seeds. The inner integument is 
prolonged upwards like a long and slender hollow bristle for a 
distance of 4 — 5 mm. beyond the upper edge of the subtending 
bract. The inner envelope has no vascular supply. The secretion 
of sugar in the micropylar tube attracts the pollinating insect 
Odontopus sexpunchdatus. The staminate cones are smaller and 
the subtending bracts connate. The outer envelope of the flower 
is formed of two membranous segments without vascular bundles 
which may be styled lateral prophylls of the axillary shoot : internal 
to these are two fused members forming a sac-like investment 
with free rounded lobes also without a vascular supply. Within 
these perianth-segments is the staminal tube bearing six free 
stamens each supplied with a vascular bundle and bearing a 
terminal trilocular synangium (fig. 818). The centre of the flower 
is occupied by a pyriform ovule surrounded by a thin integument 
Gontinued as a slightly kinked stylar tube terminating in a fiat 
stigmatic disc 1 mm. in diameter. There is no embryo-sac but 
the nucellus acts as a nectary, the drop-mechanism of the functional 

^ Pearson (06^) p. 270. * ^ 

de Bary (84) A. fig. 157; Sykes (10^); Takeda (13^). 

® Lignier and Tison (12). 
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ovule in the female flower being retained in the sterile ovule of the 
male^, . 

In contrast to the indefinite, spirally disposed, bracts or 



Fm. 818. Welwitschia mirabilis, Staminate flower (sectional elevation), sub- 
tending bract and the two missing stamens indicated by dotted lines. (From 
a drawing kindly supplied by Dr A. H. Church.) 

perianth of Cycadeoidea flowers Welwitschia has only two connate 
segments, and the stamina! disc of Welwitschia is considerably 

^ This account is based on the excellent description with illustrations by 
Dr Church (14). 1 4 
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reduced; the gynoecium consists of only one functional ovule in- 
stead of an indefinite number as in Gycadeoidea. Church regards the 
resemblance between the flowers of these two genera as an instance 
of parallel development, which does not imply relationship. He 
thinks there is 'no indication whatever of any relation to the ear- 
pellary flowers of the Angiosperms.’ 

Hooker’s account of the ovule has recently been considerably 
extended by the important researches of Pearson^. The megaspore 
consists of two regions, an upper fertile and a lower sterile portion; 
each is composed of 'cells’ with more than one nucleus; some of the 
'cells’ of the fertile region grow upwards as tubes into the micellar 
cone where pollen-tubes are encountered and fertilisation ensues. 
The nuclei in each 'cell’ of the sterile region fuse and uninucleate 
cells are produced ; this tissue now grows considerably in size and 
cell-divisions occur resulting in the formation of an endosperm. 
Pearson regards the free nuclei that are in the embryo-sac at the 
time of septation into the multinucleate 'cells’ as all alike, and all 
potential gametes. It follows, therefore, that the endosperm 
formed in the lower portion of the sac is the product of fusion of 
sexual nuclei; it is not a gametophyte or a sporophyte and Pearson 
proposes for it the new term trophophyte, ' a bye-product resulting 
from the fusion of potentially sexual nuclei and functioning in the | 
same manner as the prothallus of the lower seed-plants.’ More 
recent work by this author confirms his opinion that the endosperm 
of Gnetum is also a trophophyte. 

For an account of the anatomy of Welwitschia Budi Gnetum the 
student is referred to original sources. Miss Sykes^ called atten- 
tion to certain interesting characters, — ^the occurrence of reticulately 
pitted protoxylem elements in the stem, the arrangement of 
separate and not contiguous bordered pits in 1—2 rows on the 
tracheids, and to the presence of concentric steles and inversely 
orientated bands of vascular tissue in the stem and inflorescences 
closely resembling Medullosean features. 

In certain respects the Gnetales are closer than the Conifers or 

Pearson (062); (09). 

2 Sykes (10); (lO^); Worsdell (OP); Pearson (12); Bower (81); (82); Hill and de 
Frame (10); Boodle and Worsdell (94); Mary R. H. Thomson (16); Henriette 
C. C. La Riviere (16). 


^ 0 — 9 . 
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the Gycads to the Angiosperms^. It has, for example, been sug- 
gested by Haliier^ that they are reduced Dicotyledons comparable 
with the Loranthaceae and Myxodendraceae ; while Lignier and 
Tison^ regard them as a group of Angiosperms nearest to the 
Amentales. The question of relationship betw^'cen the Gnetales 
and the Angiosperms, especially the difficult problems connected 
with the endosperm, was fully considered by Pearson^ in a paper 
on the reproductive organs of Gnetum Gnemon published in 1915, 
and in a later contribution^ published after his death, the morpho- 
logical problems are reviewed in the light of more recent work* 
The same subject is dealt with by Prof. Thompson^ in a recent 
paper in which he calls attention to the form of the inflorescence, 
the arrangement of the parts of the flowers, the presence of an ovary 
with a style, the germination of the microspores at some distance 
from the nucellus, as evidence of affinity to the Angiosperms, and 
Concludes that the ancestors of the Angiosperms were ' not far 
removed from the genus Gnetum.'' On the other hand some botanists 
prefer to regard the Gnetales as a blindly- ending branch of Gymno- 
sperms with no direct relationship to the Flowering plants. Difficult 
as it is to believe that plants so different, when the sum of characters 
is considered, as the Gnetales and the Bennettitales are off-shoots of 
a common stock, it would be rash to assume that such resemblances 
as have been emphasised by Miss Sykes and other authors have no 
phylogenetic value. 

At the time of his death (November, 1916) Professor Pearson 
was engaged upon a volume on the Gnetales: in April, 1916, he 
wrote, ^ A large part of the book on the Gnetales is written, though 
it will need some revision.. . .As to the Gnetalean-Angiosperm 
alliance, there must be one, I think, but at present I cannot bring 
myself to believe that it is direct^.’ Had Pearson been able to 
complete his work it is certain that a statement of his most recent 
conclusions would have enabled botanists to obtain a clearer view 

^ Arber and Parkin (07) ; (08); references to other authors will be found in these 
papers. See also Lignier and Tison (12) ; Lignier (03); Lignier and Tison (11). 

2 Haliier (05) p. 153. 

® Lignier and Tison (11). 

^ P*6^rson (15^) : additional references to literature are given at the end of this 
paper. See also Capom (16). 

^ Pearson '^17). ® Thompson, W. P. ( 16). ^ Seward (17) p. ix. 
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of the true position of this puzzling group which, despite the 
lack of palaeobotanical evidence, is probably a survival from a 
remote past. 


IL Gnetales (Fossil). 

Arber and Parkin^ and other authors have called attention to 
the lack of any trustworthy records of Gnetalean plants in the 
sedimentary strata of different periods. Several specimens have 
been described either as generically identical with Ej^hedm or as 
probable representatives of the two other members of the group, 
but while some are incorrectly determined others are too im- 
perfect to be accepted as evidence. In view of the morphological 
features characteristic of the present members of the Gnetales and 
the geographical distribution of the species of Ephedra, Gnetum, 
and Welwitschia, it would seem safe to conclude that the absence 
of fossil forms is not explicable on the hypothesis of a recent origin 
of the group, but is rather the result of the imperfection of the 
geological record and of the difficulty of distinguishing between 
fragmentary remains of Gnetalean genera and vegetative or repro- 
ductive organs of similar external form belonging to other plants. 
Eeference has already been made^ to certain characters shared 
by the seeds of Gnetum and Bennettites and in spite of the great 
and obvious differences separating the Gnetales and Cycadales it 
would seem probable that the striking similarity between the 
seeds of Gnetum and those of the Bennettitales has some phylo- 
genetic significance. But even granting a phylogenetic significance 
to the evidence brought forward by Mrs Thoday and other authors, 
we have still to admit that an indication of some former connexion 
between the Gnetales and the Bennettitalean line is rather the 
shadow of evidence with regard to the geological history of the 
Gnetales and not a substantial contribution to our knowledge of 
the antiquity of this section of the Gymnosperms. 

The specimens described by linger^ from Eocene beds in Styria 
as Ephedfites sotzkianus, though. Yery similar to those of 
fragilis with which they are compared, are too fragmentary to be 

^ Arber and Parkin (08) p. 507. ^ See page 463. 

® Unger (51) p. 159, PI. XXVI. ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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accepted as trustworthy records. The pieces of wegetative branches 
and the paired nuts' described by Heer^ from Jurassic strata in 
Siberia as Ephedrites antiquus are of no botanical value. Portions 
of inflorescences preserved in amber from the Baltic coast and 
named by Goeppert and Berendt^ Ephedrites J olmianus emA. similar 
specimens referred by Goeppert from the same Oligocene beds to 
Ephedra Mengeana have been identified by Conwentz^ as fragments 
of flowering shoots of a Loranthaceous genus, Patzea, Engelhardt^ 
refers some slender branches from Tertiary beds in Chile to Ephedra 
but they, like most of the specimens recorded as fossil represen- 
tatives of the genus, are too incomplete to be accepted as evidence. 
In the absence of anatomical data or of well preserved flowers it 
would be exceedingly difficult to recognise impressions of vegetative 
shoots of Ephedra and to distinguish them from Dicotyledonous 
twigs of similar habit. Similarly the torn lamina of a Welwitschia 
leaf bears too close a resemblance to other linear parallel-veined 
leaves to be recognisable unless the preservation is such as to show 
traces of the characteristic venation mentioned in the account of 
the recent genus. Comparisons between some fossil seeds and 
the winged seeds of Welwitschia^^ though in some cases possibly 
justified by actual relationship, cannot be considered to have any 
importance unless supported by additional evidence. The seeds, 
named by Kenault Gnetopsis and subsequently investigated by 
Oliver and Salisbury® are now recognised as types closely allied 
to Lagenostonm and other Pteridosperm seeds from Carboniferous 
rocks. 

In their monograph of the Pliocene Floras of the Dutch- 
Prussian Border Mr and Mrs Clement Reid figure under the name 
' Gnetum scandem ym, robustum'^ a piece of axis 8 mm. long and 
4 mm. broad showing eight nodes bearing crowded scars of some 
deciduous appendages. The authors speak of the specimen as 
‘a portion of a male inflorescence of a G^^^e^um...so close to that 
of the living G. scandens that w^e cannot separate it.’ If their 

: Heer (77) ii. p. 82, Pis. XIV., XV. 

2 Goeppert and Berendt (45) A. Pis. iv., v.j Goeppert and Menge (83) A, PI. xvi. 

y Conweiitz (86) pp. 136, 138, PI. xin. figs. 8—20. 

d Engelhardt (91) p. 647. ® Seward (04) B. pp. 19, 20. 

Oliver and Salisbury (11) p. 34. 

^ Reid, C. and E. M. (15) p. 55, PI. xx. fig. 27. 
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identification is correct — and though the evidence is hardly con- 
clusive the resemblance between the fragment from Reiiver and 
an inflorescence axis of Gnetum h undoubtedly striking—it points 
to the occurrence in a Pliocene European flora of a genus that is 
now iiiaiiily tropical and which had not so far been recognised with 
any certainty in a fossil state. 

The striking resemblance of Gneturn leaves to those of some 
Dicotyledons is an obvious difficulty in the way of the identification 
of impressions. 

It is among the oldest examples of supposed Dicotyledons that 
search should be made for possible representatives of the genus 
Gnetum. Among the earliest records of iingiosperms are those 
described by Fontaine^ from the Patuxent series of the Potomac 
formation which rests on Palaeozoic crystalline rocks and contains 
the remains of a flora that is clearly Jurassic or Wealden in its 
general facies; but with Jurassic CTymnosperms and Ferns are 
associated some Dicotyledon-like leaves of ovate and linear form 
for some of which Fontaine instituted the genera Rogersia, Fico- 
2)hyUmn, Proteaephylhmi and referred others to FiciiSy ASapindopsis 
etc. A revision of the Patuxent fossils by Berry^ has led to a 
considerable simplification in nomenclature and to the conclusion 
that some at least of these Lower Potomac leaves are Gnetalean, 
A comparison of some of Fontaine’s figures of Ficus virginiensis, 
species of Ficophyllum., Proteaephyllum, and Rogersia with a leaf 
of Gneturn Gnemon reveals a very close agreement, as regards form 
and venation, consistent with Berry’s suggestion. It is by no 
means unlikely that these forerunners of the Dicotyledonous type 
that occur as foreign elements in a typical Jurassic flora, without 
an admixture of undoubted Angiosperms like those wffiich occupy 
an important position in the upper beds of the Potomac formation, 
may belong to plants more closely allied to Gneturn than to any 
Angiosperm. Attention is especially called to the foUo wing species 
as ■ revised by Berry and illustrated ■ in Fontaine’s monograph;: 
'Ficophyllum ohlongifolimn (Font.), Rogersia longifolia Font., Pro- 
ieaephylluni ovatmn Font. ^ It is possible that a careful study of 

1 Fontaine (89) B. pp. 2Sl et seq. See also Seward / 14-), 

Berry (11) pp. 64, 148, 499, etc. 

2 Fontaine (89) B. Pis. 139, 141, 144, 145, etc. 
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the Yenatioii-cliaracters of these and other fossil leaves may lead 
to the discovery of criteria which may enable us to separate the 
leaves of Gnetum from similar Dicotyledonous foliage. 

It is with a keen sense of the incompleteness of my task that 
Volume IV. is concluded without any attempt to deal with the 
abundant if, in very many cases, undecipherable records of Angio- 
sperms. The omission of this branch of Palaeobotany in what 
purports to be a general text-book calls for a word of explanation. 
A mere summary of conclusions so far published with regard to 
the geological history of Flowering plants would not yield results 
commensurate with the labour involved. What is needed is a 
critical examination, as far as possible, of the actual specimens 
and a careful scrutiny of the evidence on which determinations 
are based. It is undoubtedly the fact that a large number of 
leaf-impressions are practically valueless as trustworthy data, and 
I venture to think that it is only with the cooperation of trained 
systematists that any satisfactory estimate can be formed as to 
the value of the fragmentary documents preserved in Cretaceous 
and Tertiary strata. It is preferable to omit, at least for the pre- 
sent, this part of the subject than for the sake of completeness — 
in a treatise that is very far from complete in its treatment of the 
groups that have been considered — to essay a task for wdiich the 
author recognises that he is very inadequately equipped. 
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Bpeirocarpus n. 409 
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BpJhenozamiies in. 587 
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Taxiies iv. 202, 417 
Taxodioxylon TV, 173, 199 
TaxodiiesTV.Z2% 

Taxoapermimi in. 265, 347 
Taxoxylon iv. 173, 203 
Telangkmi n. 532; in. 54 
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Thaumatoqderia n. 385 
Thinnfeldia n. 537; iv. 414 
Thuites lY. 303 
Thuya iy. 305 
Thylloxylon IV. 176, 243 
Thysanotesia ni. 304 
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Todeopsia ii. 324 
Todiies ir. 339 
TorelUa lY. 68 
Torreya iy. 421 
TorreyitesTV, 4:1^ 

Tracheotheca ii. 437 
TrichopUys iy. 48, 101 
Trigonocarpus iii. 61, 115, 319 
Triletes n. 192 
Trioolepis TV. 424 
TriploporeUa i. 177 
TriplospoiHtes II. 190 
Tripterospenmim in. 321 
Trizygia i. 411 
TubicauUsii. 434 
Tylodendrofb in. 250; iy. 282 
Tysonia in. 385 

Ullmannia iv. 262, 296 
Ullmanniies m. 199; iy. 179 
Ulodendronn.l2S 
Uloapermum in. 497 
XJrnatopieris ii. 396, 407 
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Vectia ni. 4 1 9 ; iy, 1 70 
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B. gigas 89 
B. gracilis 34, 44-50 
— ■ forma Miiensteriana 46, 47 
B. Guilhaumali 47 
B, incurvata 46 

B. Lindleyana 35, 47-50, 65, 67, 438 
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B. marniUare 315, 318-320 
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0. 3IantelU ZS& 

Cedroxylon 174, 181, 187, 207, 212- 
219, 229, 231, 232, 324, 369 
C, affine 219 
G. australe 218 
G. barremianum 218 
G. blevillense 217, 218 
C, cedroides 216 
C. Berinaimi 219 
G, Hoheneggeri 219 
G. Hornei 215-218 
G.maidstomnse2n 
G. manekildense 218 
G. matsumurae 21S 
G. pottoniense 217 
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Gordaioxylon 177 

Oordaites 70, 176, 178, 180, 280, 403 
G. [Noeggeraihiopsis) Hislopi 75 
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Gyperiies 97 

G. bicar inata 97 * 



mDEX 


533 


Czekcmowskia 35, 40, 62-68, 236, 373 
O. capillaris 67 
C, dicholoma 67 
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D. araucarioides 160, 164 
T), Balanme 116 

i). BidwilUi 164 
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D.Roheriianuni 1^6 
D , saxonicum 177 
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D. i'irgmianum lSo 
D. ZuffardiilSB 

D. {Araucarioxylon) brevlradiatiim 184 
I). {Araucarioxylon) kergiielense 185, 
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P. Donghsii 108, 157, 229 
P. macrocarpa 229 
Psilophyton 100 
Psilotiphyllum 288 
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